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LETTER OF TRANSMITTAL

To His Excellency ALBERT C. RITCIIIE,
Governor of Maryland and President of the Geological Survey
Commission.

Sir:—1I have the honor to present herewith the eighth of the series of
reports dealing with the systcmatic geology and paleontology of Mary-

land. These volumes represent the techmical seientific presentation of

the facts on which are based the conclusions dealing with the mineral
deposits in the formations under discussion. The preceding reports of
this series have dealt with the Cambrian and Ordovician, Devonian, Lower
Cretaceous, Upper Cretaceous, Eocene, Miocene, and Plio-Pleistocene
deposits and the remains of animal and plant life which characterize them.
The present volume treats of the Silurian deposits of western Maryland.
I am,
Very respectfully,
EpwarD BENNETT MATIEWS,

State Geologist.

TuE JouNs HorkiNs UNIVERSITY,
BaLTIMORE, December, 1922,
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PREFACE

The present volume is the eighth of a series of reports dealing with the
systematic geology and paleontology of Maryland. The reports thus far
issued include the Cambrian-Ordovician, Devonian, Lower Cretaceous,
Upper Cretaccous, Bocene, Miocene, and Pliocene-Pleistocene. Reports
on the Crystallines, Carboniferous, and Triassic are not yet issued but are
now in varying stages of completion.

The present volume is devoted to a careful description of the Silurian

deposits and their eontained fauna. The Silurian rocks are limited to
western Maryland where they occur in a series of synclines where the

folding of the strata brings the different units to the surfaee. The strata
consist of a thick series of limestones, sandstones, and shales and repre-
sent the geological formations in which valuable deposits of iron ore have
been found over a wide area of the Appalachians from New York to
Alabama. Unfortunately these dcposits in Maryland are too lean in
metallic content to make their exploitation commercially profitable. The
Silurian deposits have also been the source of pure quartz sands for glass
making and also limestonc for the supply of hydraulic cement. The
shales of these strata have not been exploited for brick, tile, or other
ceramic products but particular local areas favorable for such purposes
may ultimately be developed.

The volume represents the combined work of a number of individuals,
specialists in their respective fields of research, who have been assisted
in their field work by graduate students from The Johns Hopkins Uni-
versity. Most of this work has been conducted under the leadership of
Dr. Charles K. Swartz who has contributed the general chapters on the

Geographic Distribution, the Stratigraphy, and Palcontological Relations
of the Silurian section. Dr. Swartz has also furnished the systematie

accounts of part of the invertebrate fauna with the collaboration of
Dr. W. I. Prouty. now Professor of Geology ‘n the University of North
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Carolina, whose dissertation submitted to The Johns Hopkins Uni-
versity is incorporated in this volume.

The report on the Maryland Silurian formations by Dr. E. 0. Ulrich
and Dr. R. S. Bassler and their paper on the Paleozoic Ostracoda with
their stratigraphic interpretation of these interesting organisms which are
so promincnt an element in the Silurian formations of Maryland, repre-
sent a marked contribution to existing knowledge and eonstitute an im-
portant part of the present volume.

The Maryland Geologieal Survey has been greatly benefited by co-opera-
tion with the U. S. Geological Survey and is especially indcbted to the
Director of the latter organization for permission to publish the result
of Dr. Ulrich’s lifc-long studies of the Ostraecoda and Silurian stratig-
raphy. The State Survey is similarly indebted to the Secretary of the
Smithsonian Institution for permission to publish the results of Dr. R. S.
Bassler’s studies on the Bryozoa and of the Ostracoda in collaboration
with Dr. Ulrich.

It is felt that the publication of this volume represents a distinet eon-
tribution to the advance of seience by Maryland which will redound to
the credit and benefit of the State. '




GEOLOGIC RELATIONS AND GEOGRAPHIC
DISTRIBUTION OF THE SILURIAN
STRATA OF MARYLAND

BY
CHARLES K. SWARTZ

GroLoGIC RELATIONS.

The State of Maryland is divisible into three parts which differ strik-
ingly in their geology and in their topographic features. These divisions
ave known as the Coastal Plain, the Piedmont Plateau, and the Appalach-
ian Province. The Coastal Plain, forming the eastern part of the State,
extends from the present margin of the eontinental shelf to a line passing
through the eitics of Baltimore and Washington. Its subaerial portion is
a flat, almost featureless plain lying near the level of the sea. It isunder-
lain for the most part by unconsolidated clays, sands, and gravels of
Mesozoic and Cenozoic age which dip at a low angle toward the southeast.

The Piedmont Plateau forms the central part of the State, extending
from the Coastal Plain to the east side of the South Mountain. It is an
undulating plateau, more rugged than the Coastal Plain and attains a
maximum elevation of 1000 feet. 1t is formed of ancient, intricately-
folded and greatly faulted strata, all of which have been rendered meta-
morphie by intense crushing and extensive igneous intrusions. Subse-
quent to their formation they were eroded to a plain which was later

elevated and dissected by erosion to form the present Jand surfaee.
The third division, the Appalachian Province of Maryland, extends

from South Mountain to the western limits of the States, being a segment

of the more extended Appalachian Province of eastern North America.
The Appalachian Province is divided into three districts, known as the

Blue Ridge distriet, the Greater Appalachian Valley, composed of the
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Great Valley and the Alleghany Ridges, and the Alleghany Plateau. Each
distriet presents eertain marked physiographic charaeteristies that sepa-
rate it from the adjacent areas on the east and west.

The Blue Ridge distriet consists of the Catoctin and Bluc Ridge
mountains uniting to form the greater highland of South Mountain in
the southern part of Peunnsylvania. Beginning with an elevation of
2000 feet at the Maryland line, this highland gradually declines south-
ward to the Potomae River where it has an elevation of less than 1500
feet at Maryland Heights overlooking the Potomae Valley. The castern
border of this distriet is formed by the Catoetin Mountain, whieh extends
as an almost unbroken highland from the Pennsylvania line to the Poto-
mac River at Point of Rocks. Succeeding the Catoetin upon the west
is the Middletown Valley, which drains southward into the Potomac
River through the Catoctin Creek. Along the western side of this
distriet is the Blue Ridge Mountain proper. It extends as a sharply
defined range from the South Mountain of Pennsylvania to the Potomac
River, which it reaches at Weverton. Its crests form the boundary line
between Frederick and Washington counties. The Blue Ridge in Vir-
ginia is not the direct continuation of the mountains so fiamed in
Maryland, but of a smaller range, the Elk Ridge, which adjoins the Blue
Ridge on the west and reaches the Potomac River at Maryland Heights
opposite Harpers Ferry.

The Greater Appalachian Valley embraees all of the country lying be-
tween the Blue Ridge on the east and Dans Mountain or Alleghany Front
on the west. It admits of a twofold division into the Great Valley on the
cast and the zone of Alleghany Tidges on the west. The Great Valley,
known as the Hagerstown Valley in Maryland, the Cumberland Valley
in Pennsylvania, and the Shenandoah Valley in Virginia, is a broad low-
land, the floor of which averages from 500 to 600 feet in elevation,
gradually increasing in height from the Potomac Valley toward the
Pennsylvania line. It extends from the Blue Ridge on the cast to North
Mountain on the west. It is drained by the Antietam River on the eastern
side and the Conococheague River on the western side, both of these

strcams having their sources in Pennsylvania and flowing southward to
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the Potomac River. The Alleghany ridges which extend from North
Mountain to the Alleghany Front consist of a serics of parallel ridges of
varying elevations that extend from north to south across the state.
Amnong the more important are North Mountain, Tonoloway Ridge, Side-
ling Hill, Town Hill, Green Ridge, Warrior Mountain, Collier Moun-
tain, Martin Mountain, Nicholas Mountain, Shriver Ridge, and Wills
Mountain. Between them are valleys that are drained mainly to the
southward into the Potomac River. They vary in character, some being
narrow and deeply trenched, while in others broad, level-topped areas
appear, the origin of which will be shortly discussed.

The Alleghany Plateau forms the western part of the Appalachian
Region and cxtends from the Alleghany Front to the western limits of
the state. This highland, like the districts which lie to the castward, is
continued far beyond the confines of the state. To the southward it can
be traced through Virginia, Kentucky, and Tennessec to northern Ala-
bama, where it is known under the name of the Cumberland Plateau. In
Maryland this district consists of a broad highland across which ranges of

mountains extend from northeast to southwest, reaching elevations of
3000 fect and more at scveral points in Big Savage, Great Backbone, and
Negro mountains. The leading ranges of the district are Dans Mountain,
Big Savage Mountain, Great Backbone Mountain, Negro Mountain, Wind-
ing Ridge, and Laurel Hill. The streams flow in part to the southward or
eastward, as the case may be, into the Potamac River, and in part to the
northward through the Youghiogheny Valley into the Monongahcla River
whence the waters reach the sea through the Ohio and the Mississippi.
The latter district comprises much the larger part of Garrett County.
The strata of the Appalachian Province were all folded into lofty
mountains near the end of the Paleozoic era, the center of the most intense
folding being in the east. The entire area was then reduced by erosion
to an approximate plain which was subsequently elevated by successive
uplifts to its present altitude. The existing mountains were carved out
of this elevated plain by the action of rain and running streams which
eroded the softer and more soluble rocks to form the floors of the valleys
while the harder and less easily eroded strata form the intervening flat-
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topped ridges upon whose crests are still preserved traces of the original
plain. The erosion was most active where the rocks were most highly
folded, hence rugged mountains and deep valleys were carved out of the
more highly folded eastern strata while the much less folded and less
eroded western beds constitute the elevated Alleghany Plateau.

GEOGRAPHIC DISTRIBUTION

The Silurian strata of Maryland are exposed at various places in the
highly folded mountainous part of the state deseribed above as the Greater
Appalachian Valley, the area in which they are found being bounded on

the east by North Mountain and on the west by the Alleghany Front.

TOBoARORA

F16. 1.—Section Showing Structure and Topography Across
Silurian Anticlines.

Six great anticlinal arches traverse this area, as shown on the accom-
panying map, their axes extending northeast-southeast. Fnumerated in
the order from west to east they may be named the Wills Mountain anti-
cline west of Cumberland, the Evitts Mountain and Tussey Mountain
anticlines east of Cumberland, the Great Cacapon anticline west of Han-
cock, the Keefer Mountain anticline east of Hancock, and the Fairview
Mountain and subordinate anticlines forming North Mountain west of
Hagerstown. The erosion that has occurred since these arches were
formed exposes the beds in a systematic way around each areh.

The Tusearora sandstone outcrops at or near the center of each of
these arches, forming bold and rugged mountains at many places. The
younger Silurian strata surround the axes of the antielines in V-shaped
areas, each suceeeding formation embracing the older in turn. The softer
rocks of the folds weather into valleys, and the more resistant beds form
the intervening A-shaped ridges. A cross-section through any of these
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anticlinal arches hence tends to show the accompanying topography and
sequence of strata.

The Silurian strata are concealed in the synclinal areas between the
arches. They are believed, however, to be continuous beneath the younger
strata which cover them and so to extend westward under the younger
rocks of the Alleghany Plateau.

East of North Mountain the Silurian strata have been eroded away, the
surface being formed of older formations, unless indeed certain of the
crystalline beds of the Piedmont Plateau may represent highly meta-
morphic strata of this age. These Piedmont beds are, however, unfos-

siliferous and hence their age cannot now be determined.







STRATIGRAPHIC AND PALEONTOLOGIC
RELATIONS OF THE SILURIAN
STRATA OF MARYLAND

BY
CHARLES K. SWARTZ

INTRODUCTORY

The Silurian strata of Maryland are divisible into three series that may
be discriminated by their lithological character, the lower being prevail-
ingly arenaceous, the middle argillaceous, and the upper calcareous.
These divisions have been named the Medinan, the Niagaran, and the
Cayugan series, respectively. They have been further subdivided into a
number of formations whose relations are shown in the following table:

CAYUGAN SERIES

Tonoloway formation
Wills Creek formation

Bloomsburg sandstone member at base
McKenzie formation

NIAGARAN SERIES
Clinton group
Rochester formation
Keefer sandstone member at base
Rose Hill formation

MEDINAN SERIES
Tuscarora formation

The underlying Juniata red sandstone has been considered by many
students to be of Silurian age, but is referred to the Ordovician system in
the Ordovician monograph of the Maryland Geological Survey which
should be consulted for a discussion of its relations.

The stratigraphic and paleontologic relations of the Silurian forma-
tions will now be considered in the order of their age from the oldest to
the youngest.
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MEDINAN SERIES

TUSCARORA FORMATION

NaMe.—The Tuscarora formation was named by Darton* from the
Tuscarora Mountains of Pennsylvania where it is finely exposed.

CHARACTER AND THICKNEsS.—The Tuscarora formation comsists of
beds of massive white sandstone with a few thin layers of interbedded
shale, the latter being found chiefly in the upper part of the formation.
The sandstone consists chiefly of pure, rounded quartz grains bound to-
gether by a silicious cement, the whole being composed of nearly pure
silica.

Most of the beds arc very hard and compact. Upon weathering they
break into great boulders and large fragments that strew the steep hill
sides. At a few localities the uppermost strata disintegrate to form sand
which is quarried for commercial use, as in the vicinity of Cumberland.

The thickness of the formation varies from 60 feet in North Mountain
to 380 fcet in the vicinity of Cumberland.

Fauxas—The Tuscarora formation of Maryland is sparingly fos-
siliferous, only three species having becn observed in it, all of which are
restricted to the upper beds. The most abundant species in the formation
is Arthrophycus alleghaniensis, a trail resembling a seaweed, which covers
the under sides of beds of sandstone with its numerous interlacing
“stems.” A worm boring, Scolithus ve;'ticalis, occurs rarely in the upper-
most strata, and Camarotechia neglecta has been observed in the beds of
shale that are interstratified with the sandstone near the Clinton-Tus-
carora boundary.

TorocrAPHIC ForRM.—The Tuscarora sandstone is very resistant to
weathering and gives rise to a rugged topography, its outerop being
marked by conspicuous hills and, in many places, by high and rugged
mountains with steep, wooded sides. Streams, flowing across these
mountains, tend to cut steep-walled gorges whieh in some cases strikingly
rescmble the canyons of the west, as at “the Narrows ” through Wills
Mountain at Cumberland.

! Darton, N. H,, U. S. Geol. Survey, Folio 32, 1896.




MARYLAND GFOLOGICAL SURVEY

TuscARORA-JUNIATA BouNDARY.—The lowest beds of the Tuscarora
formation are tinged red at places, so that it is difficult to draw a sharp
line of demarkation between this formation and the underlying red
Juniata sandstone. In mapping the formations the plane of division has
been drawn at the horizon at which the change of color is most rapid.

N1AGARAN SERIES—CLINTON GRrOUP
ROSE HILL FORMATION

NaME—Vanuxem * namned the Clinton formation from the exposure
of its strata at Clinton village in central New York. The Clinton beds
were subsequently correlated by Hall* and other students of the geology
of western New York with strata that lie between the Medina sandstone
and Rochester shale in that avea. It has been recently shown by Ulrich*
that the upper beds at Clinton contain species which prove, in his opinion,
that the upper part of the Clinton is of Rochester age. According to this
view the term Clinton has been applied to different units in different
areas, embracing the pre-Rochester-Clinton in western New York and
both the Rochester and pre-Rochester-Clinton at the type locality.

If Ulrich’s views are accepted it might seem possible to restrict the
term Clinton, on behalf of simplicity, to the pre-Rochester portion of the
section at the type locality and thus to bring its significance into harmony
with the long standing usage of the text-books. The name Clinton has,
however, long been used commercially for iron ores that are found in
both the Rochester and pre-Rochester beds at Clinton as interpreted by
Ulrich. In view of these facts it has seemed best to the Committee on
(eologic Names of the United States Geological Survey to embrace all

the beds of the type section, including both the Rochester and the pre-

Rochester beds, in the single term Clinton which would thus become a
group nane. The pre-Rochester strata to which the term Clinton has
been so long applicd in the literature are thus left without a name.

* Vanuxem, Lardner, Geol. New York, pt. iii, 1842, pp. 79-90.

* Hall, James, Geol. New York, pt. iv, 1843, pp. 18, 58-79.

* Ulrich, E. O., Bull. Geol. Soc. Amer., vol. xii, 1911, pl. xxviii, and quoted
by Stose in U. S. Geol. Survey, Folio 179, 1912, field ed., p. 37.
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Chadwick, who has made a recent critical study of the problem in New
York, arrives at a very different conclusion.’

In view of the question which has thus arisen as to the significance of
the term Clinton in New York, it has seemed best to apply a new name
to the Maryland equivalents of the pre-Rochester-Clinton of New York.
It is therefore hcre designated the Rose Hill formation from Rose Hill,
Cumberland, Maryland, where its strata are finely exhibited.” It may be
defined as follows :

The Rose Hill formation comprises all the beds between the top of the
Tuscarora and the bottom of the Keefer sandstone in Maryland.

CHARACTER AND THICKNESS.—The Rose Hill formation of Maryland
consists of shale interbedded with subordinate amounts of sandstone and
a few bands of limestone. The shale is argillaceous, thin-bedded, fissile
and breaks into dclicate, parallel-sided plates. Its prevailing color is drab
or olive but certain of the upper beds are pink or have a reddish tone, due
to the presence of iron oxide. The sandstone is argillaccous and usually
forms thin bands, save near the base of the formation, where it is thicker-
bedded, being more or less transitional to the underlying Tuscarora sand-
stone. A few thin bands of limestone are present, oceurring ehiefly in the
upper strata.

The thickness of the Rose Hill of Maryland varies from 300 feet in
North Mountain to 550 feet near Cumberland.

SuppivisioNs.—This formation may be divided in Maryland into threc
parts, which differ lithologically, as follows:

Upper shale beds with some purplish bands
Cresaptown iron sandstone
Lower shale and sandstone beds.

The lower shalc and sandstone beds consist of fissile, olive-green shales
and some beds of arenaceous shales with thin beds of sandstone in their
lower part. They are about 175 feet thick at Cumberland.

* Bull. Geol. Soc. Amer., vol. xxix, 1918, p. 327 et seq.

‘Rose Hill extends southwest from Wills Creek running parallel to Wills
Mountain from which it is separated by a shallow valley. It may be said to
terminate at the sharp bend of the Potomac River on the outskirts of the city.
The typical section is exhibited in the cut of the Western Maryland Railway,
south of Wills Creek, just east of “ The Narrows” through Wills Mountain.
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Cresaptown Iron Sandstone.—A conspicuous feature of this formation
1s an iron-rich sandstone or lean “iron ore” that is especially well
developed in the western part of the area where it is found about 175 feet
above the base of the formation. This sandstone is well shown at Cresap-
town, Maryland, 6 miles southwest of Cumberland, from which locality
it isnamed. It has adeep-red color and consists of quartz grains cemented
by hematite. Some of the beds are distinctly o6litic. The more ferrugi-
nous beds resemble a low-grade iron ore but the proportion of silica is too
great to permit of their use as a commercial source of iron at the present
time, as is shown by the following analyses of specimens from Cresaptown
and Cumberland :

Cumberland Cresaptown Cresaptown

Her. .. ... ) el e eheRA 22,75 24.84 22.40
SO, e e mee e e 59.06 47.65 71.27
ALO;, .....iiiiiiiinen, 3.94 2.68 3.28
Mn .....oviiiiininnnn, .14 .29 .01
5 o ofb o oo o Mg 060 0 07 .03 —
B o e e R . e o .24 .22 .08
Ignition .............. 2.91 7.21 Alk .17
_ MgO .60

99.11 82.92 CaO .58

' 98.67

Interbedded with the iron sandstone are variable amounts of shale.
This bed is found wherever its horizon outcrops upon the surface and
forms a conspicuous feature in the topography of the western area.
Similar beds of ferruginous sandstone are found in the upper part of the
formation in the eastern exposures but they arc usually not so rich in iron
and seem to lack the persistency and constancy of position of the Cresap-
town iron sandstone. Whether they represent the same horizon as the
latter cannot be confidently affirmed. The Cresaptown iron sandstone
attains a thickness of over 30 feet at Pinto. It is 10 feet thick at
Cumberland.

The upper shale beds consist of fissile argillaceous shales that break into
thin flat plates and are often purplish or pink in tone, suggesting in this
respect the purple shale of the Clinton of New York.

Fauxas.—The Rose Hill formation contains 32 species, other than
ostracods, 11 of which are new. It also contains 26 species of ostracods of
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which 25 are new. Among its most important non-ostracod forms are
Celospira hemuspherica, C. sulcata, Camarotwchin neglecta, Chonetes
uovascoticus, Tentaculites minutus, Orthoceras bassleri, Calymmene
atagavensis, C. macrocephala, C. cresapensis and Liocalymmene clintoni.
The entire assemblage may be termed the Celospira hemispherica fauna
because of thc abundance and importance of that species which ranges
throughout the formation.

Four faunal zones, based upon species other than ostracods, may be
recognized in the Rose Hill formation as follows:

Top
Liocalymmene clintoni zone
Upper barren zone
Calymmene cresapensis zone associated with
the Cresaptown iron sandstone
Lower barren zone
Bottom

The beds termed the upper and lower barren zones contain few fossils
other than ostracods. The other zones are much more richly fossiliferous,
and contain many species in common. The upper zone is especially char-
acterized by an abundance of Liocalymmene clintons with which are asso-
ciated Tentaculites minutus, Chonetes novascoticus, Schuchertella tenuis,
Celospira hemaspherica, etc. In addition to these non-ostracod zones
Ulrich and Bassler recognize other faunal zones based upon the ostracods
as given below.

The relations of the faunal zones and lithological subdivisions are
shown in the following table:

Faunas
A Selsyee :
General fauna Non-ostracod zones Ostracod zones Members
r Liocalymmenc Mastigobolbina typus
zone zone
( Bonnemaie rudis zone
Upper shale
Zygosella postica zone zone
er barren zone r k
| Upp Mastigobolbina lata
Ceelospira Zone
hemispherica Calymmene Zygobolbina cmaciata {Cresaptown
S | cresapensis zone zone iron
‘ sandstone
Zygobolbina decora .
Lower barren zone zone Lower shale
Zygobolbina zone

anticostiensis zone
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Toroararn1o Form.—The base of the Rose Hill formation lies high
upon the flanks of the mountains formed by the underlying Tuscarora
sandstone. The Cresaptown iron sandstone forms a series of well-defined
knobs that flank the Tuscarora Mountains as foothills or merge in the
general slope of the mountains. The upper shale division generally occu-
pies the floors of a well-defined system of valleys that lie between the
Tuscarora Mountains and the low ridges formed by the Keefer sandstone.

Trne Rose HiLr-TuscARORA BOUNDARY.—The boundary between the
Rose Hill and Tuscarora formations is concealed at most localities by a
heavy overburden of sandstone blocks that descend upon it from the steep
Tuscarora slopes. Where well exposed, as at the east end of “The Nar-
rows ” at Cumberland, the lower part of the Rose Hill formation is seen
to be composed of numerous alternating beds of shale and sandstone,
although some thin beds of shale are also present in the upper part of the
Tuscarora sandstone. It is evident, therefore, that the Rose Hill and
Tuscarora formations are connected by more or less transitional beds and
that the formations are conformable. The basal sandstones of the Rose
Hill are, however, more argillaceous than those of the underlying Tus-
carora, the latter being whiter, harder, and more resistant to the weather.
The plane of division between these two formations has been drawn where
this transition is most marked.

ROCHESTER FORMATION

NaMe.—The Rochester formation was named by Hall* from Rochester,
New York, where it is exposed along the Genesec River.

CrArACTER AND THICKNEsS.—The Rochester formation is formed: of
two very dissimilar lithological divisions, an upper, coilsisting of inter-
bedded calcareous shale and gray crystalline limestone, and a lower
mmassive sandstone known as the Keefer sandstone member. A bed of
iron ore lies immediately above the sandstone in the western part of the
area.

The upper shale is calcareous, drab in color, fissile, and breaks into thin
parallcl-sided plates which readily disintegrate to form a fertile soil.

! Hall, James, Geol. Rept. 4th Dist. of New York for 1838, 1839, p. 289.
3
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Interstratified with the shale are numerous thin beds of limestone, most
of which are crystalline, highly fossiliferous, and very lenticular. Upon
weathering they become iron-stained in many cases and break into
irregular pieces, upon the edges of which fossils are seen to stand out as
in a coquina. The uppermost beds consist in many places of limestone
which is denser and thicker bedded than the lower beds, dark-gray to
black in color, and very irregularly bedded. The sandstone member,
which constitutes the lower division of the formation, is more fully
described below.
The thickness of the formation, including the Keefer sandstone, varics
from 45 feet at Cumberland to 20 feet in North Mountain. '
SuspivisioNs.—The Rochester formation is divisible into the follow-
ing lithological units:
Upper shale and limestone
Roberts iron ore
Keefer sandstone member
The Keefer Sandstone Member.—The Keefer sandstone member should
be considered an independent formation and would be so treated here were
it not too thin to be mapped scparately. It has hence been considered a
member of the Rochester formation in this area.’ It is named from its
occurrence in Keefer Mountain, a few miles northeast of Hancock, where
it forms a thick and massive bed.” It is a pure quartzitic sandstone in
the east sections but in the western part of the area its upper beds are
calcareous, or may even form an arenaceous limestone locally. Upon
exposure to the weather the beds of the caleareous phase break into rather
coft blocks which frequently become iron-stained. Locally it contains
lenses of limestone which are very fossiliferous, as in the vicinity of
Flintstone. Tocal uneonformities oeeur in the similar sandstone beneath
the Kcefer west of Hancock which contains interbedded lenses of dark,

*The underlying shale beds contain a species of Dalmanites which Ulrich,
in the Pawpaw-Hancock Folio, referred to D. limulurus, leading him to place
the Rochester beneath the Keefer. The subsequent discovery of the Rochester
fauna above the Keefer and of characteristic upper Rose Hill ostracoda in the
beds in question show that the latter are to be referred to the Rose Hill.

2 This bed was first described in the Pawpaw-Hancock Folio of the U. S.
Geological Survey, where it was placed at the base of the McKenzie formation.
Folio 179, 1912, field edition, p. 38.
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arenaceous shale. 'The eharaeter of this sandstone is subjeet to rapid varia-
tion along the strike in the latter vieinity.

This member becomes inereasingly coarse and arenaceous eastward
until in North Mountain it forms a hard conglomeratic sandstone whieh
so elosely resembles the beds of the underlying Tusearora formation that
it has at times been confused with the latter. It may be distinguished
from the Tuscarora by the faet that it is penetrated, at many loealities,
by numerous short tubes of Scolithus keeferi whieh always stand at right
angles to the bedding planes.

The thickness of this member increases eastward where its upper beds
appear to replace successively higher and higher strata of the overlying
shale until in North Mountain it scems to constitute the entire Rochester
formation. It is 11 feet thiek at Cumberland, 20 feet thick in the vicinity
of Hancock,” and 20 to 35 feet thiek in North Mountain.

The Roberts Iron Ore.—In Allegany County the Keefer sandstone is
immediately overlain by a bed of iron ore for whieh the name Roberts
iron ore is here proposed from Roberts station at the south end of Rose
Hill, south of Cumberland, where it is well exposed. The ore is hematite,
frequently oolitie, and eontains numerous poorly preserved fossils. It
attains a thickness of about 1 foot in the vicinity of Cumberland where
it is of excellent quality and has been extensively worked in the past as a
source of iron though it is now largely exhausted. It has not been
ohserved east of Tussey Mountain.

A sample from “ The Narrows,” east of Wills Mountain at Cumberland,
ghows the following eomposition *:

) D 506000 AE8g 0500 0 TIAR Bizanl
N O 60 0 4o o qaoe 5 S o c AR e T E 15.05
ABORL LA S S e 9.89
(C50 | 36005608 0000000 0Tl AISANE 9.09
MED ol e s e e e 93
L 7 R 00 o0 o LR .30
SHE. b L LT CEASS ol .. .06
I BB ™0 0 0 000 olbb o0 o o 0.0ME 00 o AN .51
TERIHONT . b oot o o o s blele 10.41

*The Keefer sandstone is underlain by thick argillaceous sandstones near
Hancoek, from whieh it appears to be separated by an unconformity. The
latter sandstones are referred to the Rose Hill in this volume,

?Singewald, J. T., Jr., Iron Ores of Maryland, Md. Geol. Survey, vol. ix,
1911, p. 296.
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The upper shale and limestone, which has been already described,
attains its maximum development in the vicinity of Cumberland where
it is about 35 feet thick. It is replaced in increasing measure by the
underlying sandstonc eastward until in the vicinity of Hancock it is
about 2 to 3 feet thick. It is absent east of that place.

Faunas.—The Rochester formation contains a large fauna which is
rich in specimens and individuals, comprising 62 species other than
ostracods, 29 of which are new. It also contains many ostracods. Many
of the limestone lenses in this formation are so profuscly fossiliferous as
to form a veritable coquina. The whole assemblage may be called the
Dalmanites limulurus fauna from the abundant occurrence and wide-
spread distribution of that species, whose typical form is restricted to
this horizon in Maryland.! With it arc many other species including
Homalonotus delphinocephalus, Plholidops squamiformis, Rhipidomella
hybrida, Stropheodonta corrugata, Camarotechia neglecta, Atrypa reti-
cularis, Spirifer crispus, S. radiatus, S. mniagarensis, Trematospira
camura, Pterinea emacerata, Bucanella trilobate, and Tentaculites
niagarensis.

Four faunal zones, based upon species other than ostracods, may be
discriminated in the Rochester formation as follows:

Top
Whitfieldella marylandica zone
Schuchertella tcnuis zone
Uncinulus stricklandi zone
Liocalymmene clintoni zone in Keefer sandstone
Bottom

Ulrieh and Bassler also recognize ostracod zones in the formation.

The Liocalymmene clintoni zone occurs near the base of the Keefer
sandstone and is characterized by that species associated with Dalmanites
limulurus. Immediately overlying the latter sandstone is a thin zone

1 A species of Dalmanites closely resembling Dalmanites limulurus occurs
in the upper shale beds beneath the Keefer sandstone. Stose and Ulrich identi-
fled this as D. limulurus in their discussion of the Rochester formation in the
Pawpaw-Hancock folio, and hence included the upper part of the Rose Hill of
this volume in their Rochester. TUlrich and Bassler now recognize the pre-
Rochester age of these beds and consider the Rose Hill Dalmanites specifically
distinct.
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carrying a profusion of Uncinulus cf. siricklandi associated with other
species. Schuchertella tenuis is restricted to a thin zone a short distance
below the top of the formation. The Whitfieldella marylandica zone is
found at the top of the formation, shells of this species occurring at many
plaees in sueh profusion as to eonstitute a large part of some of the beds.
The species found in various zones are listed more fully in the table of
distribution.

No fossils save Scolilhus keeferi have heen observed in the Keefer
sandstone in the eastern sections. In the central part of the area, how-
ever, 1t contains limestone lenses that are locally fossiliferous, as at
Flintstone, where it contains Dalmanites limwlurus, and many other
species, showing its Rochester age.

The relations of the faunal and lithologieal divisions is shown in the
following table:

Faunas

General fauna Faunal zone: Lithology
Whitfieldella marylandica zone
Dalmanites Schuchertella tenuis zone
limulurus Uncinulus stricklandi zone
fauna

Upper shale and limestone
beds
Roberts iron ore

Liocalymmecene clintoni zone Keefer sandstone member

TorograPHIC ForM.—The Keefer sandstone forms a well-defined ridge
which may be traced throughout the entire area wherever its rocks out-
crop. becoming inereasingly prominent eastward. The upper shale and
limestone disintegrate readily upon exposure to the weather and, together
with the easily eroded MeKenzie formation, oecupy the floors of fertile
valleys whieh lie between the Keefer and Bloomsburg sandstones.

Roc1iesTER-RosE H1nr. BounDaRY.—The base of the Roehester forma-
tion has been uniformly drawn at the base of the Keefer sandstone.

CAYUGAN SERIES
McKENZIE FORMATION
NaME—The McKenzie formation derives its name® from McKenzie
station on the Baltimore and Ohio Railroad, 9 miles southwest of Cum-
berland.

1T. S. Geol. Survey, Folio No. 179, field edition, 1912, p. 46.
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CHarACTER AND THICKNESS.—The McKenzie formation eonsists
ehiefly of interbedded shale and argillaceous limestone. The shale is
drab, fissile, calcareous, and breaks into thin parallel-sided plates that
readily weather to a fertile soil. The limestone is lentieular, usually
thin bedded, and many of its eourses are dark and granular. Some
layers contain large numbers of flattened limestone pebbles, the color of
which differs from that of the surrounding matrix, rendering them con-
spieuous objects. The beds become more arenaceous towards the top
of the formation which, in the Cumberland area, is usually formed by an
argillaceous sandstone. Some thin beds of sandstone are also found at
other horizons in the formation in the eastern exposures, where thiek red
beds are also present.

The thiekness of the McKenzie formation is approximately 240 feet.

SusbprvisioNs.—The following lithological subdivisions are reeogniz-
able in the MeKenzie formation in Maryland :

Top
Arenaceous shale and interbedded limestone, forming the top of the formation.
Some red beds are present in this unit in the eastern exposures.
Upper calcareous shale and argillaceous limestone.
Rabble Run red sandstone member.
Lower calcareous shale and argillaceous limestone, becoming dark and thicker
bedded near bottom of formation.
Bottom

Lower Calcareous Shale and Argillaceous Limestone.—The base of
the formation is formed at many places of a dark to black rather thiek-
bedded argillaceous limestone which has very irregular bedding planes.
These basal beds cannot be confidently distinguished by their lithology
from the underlying strata that form the top of the Rochester formation.
They are overlain by more argillaeeous strata consisting of interbedded
shale and limestone.

Rabble Run Red Sandstone Member.—One of the eonspieuous features
of the formation 1s the presence of red beds about 100 feet below the top
of the formation in Washington County. These red strata have not been
observed in the western seetions, but in passing eastward they make their
first appearance in the Cacapon Mountain west of Hancoek as thin
tongues of red strata but a few feet thick, separated by gray bands.
Farther east they inerease in thiekness until they finally merge to form
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one nearly continuous mass of red beds that attain a thickness of nearly
100 feet on Rabble Run in North Mountain. These beds closely resemble
those of the overlying Bloomsburg red sandstone. Red strata also appear
in the upper beds of the formation in the eastern exposure, so that it is
difficult to draw a sharp line between the MeKenzie and Blooinsburg in
North Mountain.

The thickening of the red beds eastward accompanied by the thinning
of the marinc strata of the McKenzie and the intimate intertongucing of
both leave little doubt that they are all of the same age. Farther east
therefore the McKenzie may be expected to vanish and the whole interval
be replaced by red beds which would be referred to the Bloomsburg. In
other words, the McKenzie is a marine phase of part of the Bloomsburg
and bears the same relation to the latter as the Chemung does to the
Catskill.

Beds similar to the basal strata lie above the Rabble Run red beds.
A peculiar dark, arenaccous shale, penetrated by large numbers of fine,
tubular branehing horings, filled with sand, constitutes a conspicuous
feature near the top of the formation in the western exposures. This is
overlain in the vieinity of Cumberland by arenaccous shale and shaly
sandstone which grades into the overlying sandstone at the basc of the
Wills Creek formation.

Fauxa.—The fauna of the McKenzic formation consists largely of
new speeies. Tt comprises 34 species, other than ostracods, of which 13
arc new. It also contains 38 speeies of ostracods, most of which are new.

Most of the strata of the formation contain fewer fossils, other than
ostracods, than_thosc of the underlying Roehester. Some beds, howerver,
especially those in the middle and upper part of the formation, contain a
great profusion of such organisms. Ostracods occur in great numbers in
this formation, constituting a large part of some strata.

Three chief faunal zomes, based upon species other than ostracods,

may be discriminated in the McKenzie formation as follows:
Top !
Camarotoechia andrewsi zone including the
Uncinulus obtusiplicatus subzone
Homatoma-Orthoceras zone
Reticularia bicostata zone
Bottom
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The lowest zone contains numerous Reticularia bicostata and R. bico-
stata var. marylandica, associated with Leptena rhomboidalis, Strophe-
odonla corrugata and S. corrugata var. pleuristriata, all of which are
restricted to this horizon. Whitfieldella marylandica is also abundant in
this zone and rare at higher horizons. Fossils are most numerous in the
lower beds of this zone.

A great profusion of gastropods especially of the genus Homatoma
associated with the cephalopod Orthoceras mackenzicum are found in
a zone near the middle of the formation. The shells of these species
occur in such profusion in the rock near Cumberland and the Six-Mile
House east of Cumberland that they form a veritable coquina. This zone
also contains Lingula subtruncate and Oncoceras mackensicum as well as
other species not restricted to it.

Camarotechia andrewsi occurs in great profusion in a zone extending
from 30 to 100 feet beneath the tbp of the formation. Lying in this
horizon about 50 feet beneath the top of the formation, is a narrow sub-
zone, the Uncinulus obtusiplicatus subzone which bears a large number
of species, all of which are restricted to it, including Uncinulus obtusi-
plicatus, Lingula clarki, Spirifer mackenzicus, Tremalospira camura,
Cuneamya wulrichi, Poleumita mackenzica, Tentaculites niagarensis,
T. niagarensis var. cumberlandice, Corydocephalus ptyonurus, Calym-
mene magarensis var. restricta, and C. macroccphala. Dalmanella ele-
gantula is also common at this horizon though it is not restricted to it.

The relations between the lithology and faunal zone is shown in the
following table :

Faunal zones Lithology
Camarotoechia andrewsi zone Upper calcareous shale and lime-
stone beds
Uncinulus obtusplicatus subzone
50 feet below top of formation
Rabble Run red beds (in east)
Homatoma-Orthoceras zone about Lower calcareous shale and lime-
middle of formation stone beds
Reticularia bicostata zone
Erosional unconformity
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Torograpuic ForM.—The strata of the McKenzie formation dis-
integrate readily upon weathering to form a fertile soil, occupying
valleys which lie between the ridges capped by the more resistant Keefer
and Bloomsburg sandstones.

McKeNzIE-ROCHESTER BoUNDARY.—The Keefer sandstone was in-
cluded in the McKenzie formation by Ulrich and Stose® in the area
embraced in the Hancock Folio of the U. S. Geological Survey and the
base of the McKenzie formation was placed at the top of the beds con-
taining the Rochester fauna in the region about Cumberland by the
same authors. Subsequent investigation by Prouty and the author have
established the presence of the Rochester fauna both in and above the
Keefer sandstone in the Haneock area and a critical study of closely
placed sections has shown that this sandstone is to be correlated with
the similar bed at the base of the Rochester formation in the western
exposures * as have been done in this volume. The Kecfer sandstone is
here included in the Rochester formation while the base of the McKenzie
is placed at the top of the strata containing the Rochester fauna.

As thus defined, the lower strata of the McKenzie formation cannot be
diseriminated lithologically from the upper beds of the Rochester forma-
tion. Both are parallel and appear conformable. Although a number
of species, other than ostracods, pass from the Rochester into the basc of
the McKenzie, the species of ostracods change abruptly at the boundary
between the formations, according to the identifications of Ulrich, who is
thus led to believe that a hiatus exists between the McKenzic and
Rochester formations and hence that they are unconformable. The lower
limit of the formation is therefore based upen paleontological criteria,
especially upon that furnished by the ostracods, rather than upon the
differences of lithology. The line between the formations has been drawn
upon the geological map by sctting off known stratigraphic distances
above the Keefer sandstone, which has been employed as a datum plane.

17. S. Geol. Survey, Folio No. 179, field edition, 1912, p. 38.
2 Geol. Soc. Amer. Bull,, vol. xxvii, 1916, p. 89.
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WILLS CREEK FORMATION

Name—The Wills Creek formation receives its name from Wills
Creek, Cumberland,’ where its strata were formerly well exposed along
the ereek at the cement works east of “ The Narrows.”

CHARACTER AND THICKNESS.—The Wills Creek formation overlies the
MeKenzie formation eonformably. It consists of interbedded calcareous
shale, calcareous mud rock, and argillaceous limestone with several beds
of sandstone. When seen in fresh exposures many of the strata seem to
consist of compaet dark, purplish-blue, medium-bedded limestone that
appears to possess considerably durability, Brief exposure to the weather,
however, ehanges the color of these strata to a dirty greenish toue and
causes them to disintegrate into a calcareous shale that breaks into small
angular greenish fragments bearing no resemblance to the fresh rock.
This feature is due to the large amount of clay manifestly present in the
rock. Other strata consist of thick-bedded, ealeareous mud rocks that
present little evidence of lamination and beeome buff-colored upon ex-
posure to the weather. Alternating with these rocks are beds of ealcareous
shale, some of which are thin-bedded, fissile, and at certain horizons dark-
colored. With these highly argillaccous strata are a few beds of purer
limestone that do not disintegrate so readily. The latter are more con-
spicuous in the lower part of the formation.

Some of the strata have a eomposition such that they form natural
cement when burned. Four such beds have been worked at Pinto. Simi-
lar beds werc burned into cement at Cedar Cliff, West Virginia, and at
Cumberland and Round Top, 3 miles west of Haneoek, Maryland. The
beds employed for this purpose are argillaceous limestones and calcareous
shale frequently marked by mud eracks (“Turtle-back roek ). The
cement rocks do not oeeupy constant positions in the formation, but
oceur at differeut horizons at different localities.

Beds of sandstone are found at two well-defined horizons in the forma-
tion. Red beds oeceur at many stratigraphic positions in the eastern

*U. S. Geol. Survey, Folio 179, field edition, 1912, p. 51. The true type locality
of the formation may be considered to be the section on the Baltimore and
Ohio Railroad at Pinto but the latter name was preoceupied as a designation of
this formation.
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exposures where they impart a strikingly variegated appearance to the
formation.

The surfaees of many of the strata are covered by mud eraeks and some
are ripple-marked and the entire formation gives evidenee of having been
aeeumulated in quiet, shallow waters. Imprints of salt crystals are found
just below the top of the formation at many localities in the Cumberland
area.

The thiekness of the Wills Creek formation varies from 450 feet to
500 feet. In North Mountain one measurement appears to give a thick-
ness of a little over 600 feet.

Suspivisions.—Tlhe following lithologic divisions can be reeognized
in this formation :

Upper shale and limestone beds with imprints of
salt crystals near top
Upper sandstone
Middle shale and limestone beds
Lower sandstone
Lower shale and limestone beds with some inter-
bedded sandstone
Bloomsburg red sandstone member comprising three divisions:
Upper red beds
Cedar CIliff limestone lens
Lower red beds

Bloomsburg Red Sandstone Member.—The Bloomsburg red sandstone
member is a distinet lithologieal and stratigraphie unit and should be
eonsidered a separate formation. The western extension of the Blooms-
burg is, however, too thin to permit mapping it separately and for this
reason only it is here treated as a division of the Wills Creek formation.
Where it is thiek enough to permit mapping it should be diseriminated
as a separate formation and the term Wills Creek restrieted to the over-
lying beds. The relations of the Bloomsburg to the MeKenzie and Wills
Creek are like those of the Catskill and the Chemung and will be dis-
eussed more fully in the ehapter on eorrelation.

This member is distinguished from the overlying strata of the Wills
Creck formation by the deep-red eolor of its rocks. It was named® the

! White, I. C., Second Geol. Survey of Penn., vol. G7, 1883, p. 106.
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Bloomsburg sandstone by I. C. White from its typical occurrence at
Bloomsburg, Columbia County, Pennsylvania. It consists of interbedded
sandstone and arenaceous shale, both of which are colored blood-red by
disseminated hematite. Interbedded with the red beds are some bright-
green strata. Certain beds also display green lines situated at right angles
to the bedding planes. The material composing thesc lines consists locally
of calcareous nodules which undergo solution and produce porous, dis-
continuous, tubular cavities. Other beds lose their red color along the
bedding planes or more rarely along the joints which become yellowish-
green. Most of the beds, however, retain their bright color even upon
prolonged exposure to the weather. A few bands of hard, white sand-
stone are found in this member at some of the eastern localities. In somc
of the western localities the red color is lacking in the lowest beds, as at
Pinto, where the base of the formation consists of hard gray sandstone.
That this gray sandstone is part of the Bloomsburg is clearly shown by its
stratigraphic relations to the red sandstone farther north.

A conspicuous feature of the member is a hard blue, or in places pink,
limestone which is found between the lower and upper red beds. Some
of the basal strata of the limestone consist of nodules and resemble a con-
glomerate. Upon exposure the limestone becomes yellow and disin-
tegrates in places, as at Pinto, where it was called by Schuchert the “ dis-
integrated rock.” " This limestone thickens westward and thins eastward.
It can be traced throughout the region from Keyser on the west to Han-
cock on the east. It may be represcnted by lead-colored shales east of
the latter point. The name Cedar CLff limestone is suggested for this
bed from Cedar Cliff, Maryland, a station on the Baltimorc and Olio
Railroad southwest of Cumberland, where it is well exposed.

The thickness of the Bloomsburg member varies from 20 feet in the
west to 200 feet in the east.

Red strata similar to those of the Bloomsburg also occur at various
horizons in the Wills Creek above the top of the Bloomsburg member in
the eastern exposures. In passing eastward from Cumberland these

1 Schuchert, Charles, On the Lower Devonic and Ontaric Formations of
Maryland. Proc, U. S. Nat. Mus., vol. xxvi, 1903, p. 423.
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strata are first observed a short distance above the Bloomshurg member
in the Cacapon Mountain anticline. They appear at successively higher
and higher elevations farther east until a considerable part of the Wills
Creek formation becomes red in North Mountain where it*presents a
strikingly variegated appearance and is comparable to the ¢ variegated
rock” of the Salina of Pennsylvania and New York. These geographic
variations will be diseussed more fully in another place.

The shale and limestone beds of the Wills Creek formation lying above
the Bloomsburg member are divided into three parts by two sandstones
whieh are found in them. At many places the lower of these sandstones
eonsist of interbedded arenaceous shale and interbedded sandstone and is
found about 275 feet above the base of the formation. The upper bed,

whieh is situated about 80 feet beneath the top of the formation, is thin
but very persistent. Both beds increase in thickness eastward where their

outcrop is marked by lines of hills.

Faunas.—The Wills Creek formation contains few fossils other than
ostracods. The latter oceur, however, in such abundance that some of
the beds are composed almost entirely of their remains. Among the
most important forms, other than ostracods, are Spirifer vanuwemi,
Camarotechia litchfieldensis, Schuchertella interstriata, Uncinulus mary-
landica, U. obsolescens, and Calymmene camerata.

No fossils have been found in the red beds of the Bloomsburg memnper
save a few valves of species of Lingula and fragments of fish seales.
Speeies of Leperditia occur, however, in the Cedar Clff limestone.

Four faunal zones may be reeognized in the formation as follows:

Top
Eurypterid zone
Upper ostracod zone
Spirifer vanuxemi zone
Lower ostracod zone
Bottom

The Spirifer vanuxzems zone is the most important stratigraphic hori-
zon in the entire formation. Though thin it abounds in fossils, contain-
ing many Spirifer vanuwemi and Camarotechia litchfieldensis associated
with Calymmene camerata. This horizon may be traced about 235 feet
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above the base of the formation from Keyser on the west to Haneoek on
the east.

The Eurypterid zone is found near the top of the formation in the
vieinity of Cumberland where a number of beautifully preserved speci-
mens and fragments have been found in roeks so closely resembling those
eontaining Eurypterid fauna at Buffalo, New York, that it is diffieult to
distinguish them lithologically. Leperditias are among the most abun-
dant ostracods, appearing in numbers in the Cedar Clff limestone and
ranging upwards through the formation into the overlying Tonoloway.

The relations of the lithology and faunal zones is shown in the follow-
ing table:

Faunal zones Lithology

Eurypterid zone Upper shale and limestone
Beds with imprints of salt crystals
Upper sandstone

Upper ostracod zone Middle shale and limestone

Spirifer vanuzemi zone
Lower sandstone

Lower ostracod zone Lower shale and limestone
Bloomsburg red sandstone

ToroerarHIC ForM.—The Bloomsburg red sandstone forms a con-
spieuous ridge that rises out of the broad valley formed by the shale and
limestones that lie between the higher elevations of the Tuscarora and
Oriskany sandstones. It runs parallel to a similar ridge formed by the
Keefer sandstone. The soil formed by the Bloomsburg sandstone is poor
and rocky and hence but little cultivated, the outcrop being conspieuous
by the line of trees that stand out upon its erest in the midst of cultivated

fields.

Most of the strata above the Bloomsburg are soft and weather readily
and completely to soil. They henee oceupy the valley floor between the
Bloomsburg and Oriskany. A low line of hills rises near the top of the
formation, marking the position of the more resistant upper Wills Creck
sandstone.

WirLs CrEEk-McKENZIE BouNpArY.—The base of the Wills Creek
formation has been drawn at the base of the persistent red beds of the
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Bloomsburg sandstone member. Where the lower red beds have been
replaced by gray sandstone, as at Pinto, west of Cumberland, the base of
the formation has been drawn at the base of the massive gray sandstonc
bencath the Cedar CIiff limestone. This horizon can be followed clearly,
for although the upper beds of the McKenzie arc very arenaceous locally
they arc less massive than those of the overlying Bloomsburg. In the
eastern exposures numerous tongues of red rock are interbedded with the
fossiliferous, gray limestone and shale of the upper part of the McKenzie
formation. Here the base of the Wills Creck formation has been drawn
below the thicker and more persistent red beds and above the highest gray
beds carrying the marine fossils of the McKenzie formation.?

TONOLOWAY FORMATION

NaME—The Tonoloway formation received its name from Tonoloway

Ridge west of Hancock, Washington County, where it is well exposed.”
CHARACTER AND THICKNEsS.—This formation consists of interbedded
argillaceous limestone and calcareous shale. The limestone is prevail-
ingly dark-gray, hard and thin-bedded. Upon wcathering it breaks into
numerous small hard plates that lie in great numbers upon the surface
of the ground and do not readily disintegrate into soil. Most of the beds
arc finely straticulate, consisting of successive dark and lighter-colored
lamine. Some of the strata are morc massive and uniform in texture and
others are odlitic. A few more magnesian beds are fine grained, non-
laminated, break with a conchoidal fracture, and weather to a buff color.
Associated with the limestone is much calcareous shale. A single bed of
sandstone is found about 120 fect above the base of the formation in the
eastern exposures. Most of the limestone disintegrates to form an orange-

'The base of the Bloomsburg red sandstone was placed at the base of the
Rabble Run red beds of the McKenzie by Stose in the region east of Hancock
on his map of that area in the Pawpaw-Haneock Folio 179 of the U. S. Geol.
Survey, 1912. The upper part of the McKenzie with its marine fauna was thus
included by him in the Wills Creek formation in that area.

2 pawpaw-Hancock Folio, U. S, Geol. Survey No. 179, 1912, p. 55. The true
type section of the Tonoloway should be considered that exposed on the Balti-
more and Ohio Railroad at Pinto but this name was preoccupied.
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colored soil which differs conspicuously from the gray soil of the under-
lying Wills Creek.
The Tonoloway is nearly 600 feet thick throughout the State except
in North Mountain, where it is thinner, perhaps due to faulting.
Susp1visions.—The following lithological sequence is recognizable in
this formation :

Top
Upper argillaceous limestone
Upper calcareous shale with some interbedded limestone
Middle purer limestone beds
Indian Spring sandstone
Indian Spring red beds
Lower calcareous shale and limestone with a few imprints
of salt crystals in the eastern exposures
Lower limestone, very massive
Bottom

A very massive bed of limestone has been made the base of the forma-
tion throughout the area studied. This is overlaid by calcarcous shale
and some interbedded argillaceous limestone, these strata differing but
little from the rocks of the underlying Wills Creek. An interesting
feature is the oceurrence of imprints of salt crystals in these beds in sec-
tion at Grasshopper Run, West Virginia. The purest and most compact
limestone of the formation occurs in the division above the Indian Spring
sandstone. These rocks are dense, fine grained, almost black upon fresh
fracture, and sparingly fossiliferous. They are burned at many localities,
yielding an excellent grade of lime, as at Cumberland, where the lime-
stone quarries are located in them. The next overlying division consists
largely of calcareous shale which attains a thickness of nearly 100 feet
in the western sections, where it is a conspicuous feature, separating the
quarry rock of the Tonoloway from that worked in the lower part of the
Helderberg formation. Thin beds of argillaceous limestone are found at
the top of the formation in the western exposures.

Indian Spring Sandstone.—A sandstone is found about 120 feet above
the base of the formation which is here termed the Indian Spring sand-
stone from its occurrence at Indian Spring, Washington County, Mary-

land. This bed is thin and inconspicuous at Pinto, but increases in
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thickness eastward. In the vieinity of Haneock it is argillaceous and
about 5 feet thick. East of the latter pcint it becomes very hard, dense,
and breaks into irregular fragments that strew the ground upon its
outcrop. This sandstone seems to occupy the stratigraphic position of the
Bloomfield sandstone of Claypole® found at New Bloomfield, Perry
County, Pennsylvania. Red beds, here called the Indian Spring red beds,
are associated with it in North Mountain, beeoming conspicuous in the
easternmost exposures.

Fauna.—Ostracods occur dabundantly in the Tonoloway formation, 30
species, most of which are new, having been found in it. Apart from
these organisms, however, most of the beds arc sparingly fossiliferous
though a few strata contain a profusion of other speeies, especially in the
western part of the area studied. Among the most abundant species,
other than ostracods, in this formation are: Hindella congregata, Rhyn-
chospira globosa, Stenochisma lamellata, Camarotechia litchfieldensis,
Spirifer vanuwemi, S. corallinensis, Schuchertella rugosa, Hormatoma
rowei, and Tentaculiles gyracanthus var. marylandica.

The following faunal zones may be recognized in the formation:

Top

Spirifer corallinensis zone
Barren shale zone
Hindella congregata zone including 3 subzones as follows:

Hindella congregata subzone containing a great profusion

of that species

Stenochisma lamellata subzone

Tetrameroceras cumberlandicum subzone
Ostracod zone

Bottom

The beds below the Indian Spring sandstone constitute the ostraeod
zone, containing few fossils other than ostracods. The middle purer
limestone beds form the Hindella congregata zone, that species being
especially abundant in it in the western exposures. Most of the fossils,
other than ostracods, recorded from the Tonoloway formation have been
found in this zone, which has been divided into three subzones. The
lower subzone is characterized by numerous cephalopods, including Tefra-

' Claypole, E. W,, Second Geol. Survey Penn., vol. F2, 1885, p. 54.
4
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meroceras marylandicum, T, cumberlandicum var. magnacameratum, and
Trochoceras marylandicum. The seecond subzone, situated near the
middle of the formation, is the most fossiliferous portion of the forma-
tion, eontaining a great profusion of Stenochisma lamellata, its character-
istic species, assoeiated with Rhynchospira globosa, Camarotachia litch-
fieldensis, Favosites niagarensis, Aulopora tonolowayensis, Fistuliporella
tenwilamellata, Orthopora marylandensis, and Cyphotrypa czpansa.
Stromatopora constellata oceurs sparingly in this subzone in the western
exposures but farther eastward it becomes more conspicuous until it
forms a thick reef at this horizon in the vieinity of Hancock. Hindclla
congregata oecurs in great profusion above the Stenochisma lamellata
subzone, especially in the western sections, as at Keyser.

The Spirifer corallinensis zone is found in the uppermost beds of
the formation and is eharacterized by the presence of Spirifer coralli-
nensis associated with S. keyserensis, Strophcodonta bipartita var. near-
passi, Camarotechia litchfieldensis, Stenochisma lamellata, Tentaculites
gyracanthus var. marylandicus, and Calymmene camerata.

The relations of the lithology and faunal zones is shown in the follow-

ing table:
. Faunal zones Lithology
Spirifer corallinensis zone Upper argillaceous limestone
Upper calcareous shale and
limestone

[Hindella congregata sub-

zone
Hindella congre-

4 Stenochisma lamellata Middle purer limestone
gata zone ——
Tetremeroceras subzone
Indian Spring sandstone
Indian Spring red beds
Ostracod zone Lower calcareous shale and

limestone
Lower limestone

Toroerariic Form.—The Tonoloway formation lies upon the lower
slopes of the hills formed by the Helderberg and Oriskany formations.
The upper shale beds of the Tonoloway usually oceupy a depression that
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separates the underlying limestone strata rather sharply from tbe Helder-
berg formation. The Indian Springs sandstone is usually found either
at the top of an abrupt rise or on the crest of a low ridge formed by its
Buterop.

Toxoroway-WiLLs Creex BouNDaARY.—The Tonoloway and Wills
Creek formation are most readily distinguished by the difference mani-
fested by the strata upon exposure to the weather. When fresh the lime-
stone of the Wills Creek formation often appears to be as compact as that
of the Tonoloway. Upon exposure, however, most of the argillaceous or
caleareous beds disintegrate so eonipletely that seareely a fragment of
roek other than sandstone remains upon the ground. A few of the lower
limestone beds, however, may yield rock fragments. The limestones of
the Tonoloway formation, on the eontrary, break into great numbers of
small, hard, dark-blue fragments that ring when struek. The Tonoloway
limestone yiclds an orange-red soil and the Wills Creek rocks form a
gray soil.

The base of the Tonoloway formation has been drawn at the base of the
lowest strata, displaying these features in a well-marked manner in the
western exposures. Many of the lower beds, however, are more or less
transitional in character so that it is not probable that the boundary
between the formations has been placed at a constant horizon. Much use
has been made of the sandstone that occurs about 80 feet below the top
of the Wills Creck formation in tracing the upper limit of the Wills
Creek formation on the geological map of this area.

The basal portion of the Tonoloway formation beeomes inereasingly
argillaceous ecastward where many of the lower beds closely resemble
those of the underlying Wills Creek formation and could justly be in-
cluded in it as was done by Stose, who placed the Wills Creek-Tonolo-
way eontact at the top of the Indian Spring sandstone in bis map of the
eastern part of the Hancock quadrangle. This sandstone appears to lie.
however, about 120 feet above the horizon selected as the Wills Creck-
Tonoloway boundary in the Cumberland area. The author has for
the sake of consisteney drawn the lower limit of the Tonoloway forma-

' U. 8. Geol. Survey, Folio No. 179, 1912,
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tion at the base of a lieavy ledge of limestone which lies at the bottom of the
formation in the west and which appears to oecupy a constant horizon
throughont the state. Much use, however, has been made of the Indian
Spring sandstone in preparing the map of the eastern region, where it is
a eonspicuous topographic feature.

ToxoLowAY-HELDERBERG BouNDARY.—This boundary is sharply dis-
criminated by the marked difference between the lower beds of the Helder-
berg formation and the upper strata of the Tonoloway. The former are
massive, singularly nodular, lumpy limestones which are resistant to
weathering and tend to form abrupt cliffs. The latter are fragile lami-
nated limestones which disintegrate npon exposure and form gentler
slopes. A single bed of compaet, blue limestone about 2 feet thiek and
without nodules is found at the boundary between these formations at
many places. It has been included in the Tonoloway formation, whose
strata it resembles more closely than those of the Helderberg.

Summary.—The suceession of formations, members and faunal zones

of the Silurian of Maryland may be summarized in the following table:




Lithology Faunal Zones Subzones

Cayugan [Tonoloway Upper argillaceous Spirifer coral-
Series. Formation., . limestone. liensis.
| { Hindella

Upper calcareous Hindella congre- congregata.
shale and lime- gata. iStenochisma
stone. lamellata,

Tetremeroceras.

Indian Spring sand-

stone.

Indian Spring red
beds.

Lower calcareous Ostracod.
shale and lime-
stone.

Lower limestone.

Wills Creek  |Upper shale and Eurypterid.
Formation. limestone.

Beds with imprints
of salt crystals.

Upper sandstone,

Middle shale and Ostracod.
limestone. Spirifer vanuxemi.|

Lower sandstone,

Lower shale and Ostracod.
limestone.

Bloomsburg red
sandstone.

McKenzie Arenaceous shale and
Formation, limestone.

‘Upper calcareous Camarotoechia Uncinulus
shale and argillace- andrewsi. obtusiplicatus
ous limestone. ‘

Rabble Run red sand-
stone.

Lower calcareous Homatoma-
shale and argillace- Orthoceras.
ous limestone.

Reticularia
bicostata.
Niagaran Rochester Upper shale and Whitfieldella
Series. Formation. limestone. marylandica
Clinton (Dalmanites Schuchertella_
Group. limulurus = tenuis
fauna). Uncinulys
{ stricklandi.
Roberts iron ore.

Keefer sandstone
near hase.

Rose Hill Upper shale beds. )
Formation. ‘Upper barren.
(Coelospira Cresaptown iron Calymmene
hemispherica gandstone. cresapensis.
fauna).

lﬁLiocalymene
clintoni.

Lower shale and Lower barren,
sandstone.
Medinan Tuscarora
Series. Formation,




OHIHHITTAH—ANOLSTNT] Has gy ™ =T s

e — | ~—

WINVATASK XA XWILSEYH &1 VIVILES 08108 Od8smiog
L MREUIVIKHD SAQIIVIIE MISHE axy dxvIANYIK 40 SVIIOTIS SHL A0 sl o 1]
INVALSVH SENSHIIML XNT SSVIEay) sy LIMFITTHLE BT A0S VD ORTmOms WY HITY I ‘0 4
aa
b L YHOUY = I iy
" g —— _
|
= e - sy |.._....|_ AN 3
! | | !
I L o T A — e I THH 3504 |
..... ] ey =
T i !
f.r.ur...ur.... | I iL |
T B, P W =1
P Pl ey B |
C— == |
MARHD STIM |
8
T
- i
S f
+—r
i L 4
e o S I i — T el
e —
........
s T3 ‘
........
| -
.. AV IO o |
4 | ;
1 | g
", __. _... PG o e R < . = "'n
Bsag sy wdilciprticsss e T o .




SECTIONS OF ‘THE ROSE HILL AND
McKENZIE FORMATIONS

BY
W. E. PROUTY ano C. K. SWARTZ'

A. Sections in the Wills Mountain Anticline
I. Section at Pinto

The finest seetion of the MeKenzie formation and of the upper part of
the Clinton in Maryland is seen at Pinto, a station on the Baltimore and
Ohio Railroad, 8 miles southwest of Cumberland. The Potomac River
flows aeross the western limb of the Wills Mountain antieline cutting
the strata, whieh stand nearly vertical. The natural section has been ren-
dered still more perfect by the eonstruetion of the railroad so that an
uninterrupted seetion is exhibited extending from the base of the Helder-
berg to the upper part of the Clinton, embracing the entire Tonoloway,
Wills Creek, and MeKenzie formations.’

The McKenzie and about 150 feet of the Rose IIill formation are seen
in the cut west of the eement mill formerly operated at this place. The
middle beds of the Rose Hill, which are much folded and largely eoncealed,
lie in the hillside back of the mill. The Cresaptown iron sandstone and
a portion of the immediately adjacent strata are exhibited in the slightly
dipping and more or less folded eastern limb of the antieline, a short
distanee east of the mill. The Roberts iron ore is represented by a mere
traee at the top of the Keefer sandstone, although it is a foot and a half

1 The sections west of the Fairview anticline were described by the senior
author, who also identified the non-ostracod species, the junior author cooper-
ating in the study of critical points in the field. The sections in the Fairview
Mountain anticline were described by the senior author. The ostracods named
in the sections were identified by Ulrich and Bassler.

1The formation receives its name from McKenzie station which is situated
at the eastern end of the railroad cut.




>4 Rose Hitr Axp McKENZIE FoRMATIONS

thick just across the river in West Virginia. The Whitfieldella mary-
landica zone is found at the top of the Rochester formation, while the
Uncinulus obtusiplicatus zone is 39 feet below the top of the McKenzie.

As a collecting ground the section is much inferior to those exposed at
Cedar Cliff, Rose Hill, and Cumberland, due, in part, to the less weathered
condition of the rocks at Pinto. It is, however, unequaled for its com-
pleteness.

Plate V shows the McKenzie formation exposed here with its ncarly
vertieal strata. The beds are intricately folded and mueh faulted, making
an aceurate measurement of their thiekness rather diffieult. The throw
of each fault has been calculated as accurately as possible and the measure-
ments given are very nearly correct.

The scetion deseribed below embraces the MeKenzic, Rochester, and a
large part of the Rose Hill formations. It begins at the base of the
Bloomshurg member of the Wills Creck formation, in the eut west of the
cement mill, and extends to the eastern end of the eut, east of the mill.}

WiLLs CREEK FORMATION
Bloomsburg Member

Horizontal dis-
*tanee from

top of Keefer Thickness

sandstone to — A
top of beds Beds Total
A = A A

>

e N
X . Feet 1Inches Igeet Inche;'b‘eet Inches
Yellow, disintegrated limestone, Cedar Cliff

TIMESLONE .ot iiet i i 376 0 e ..

McCKENZIE FORMATION

Greenish-gray and brownish-yellow, thin-
bedded sandstone transitional to Blooms-
burg sandstone containing Clidophorus

NIEAUS vt ieeerinnerocnocnonsonansasns 367 6 2 6 241 6_
Drab shale containing many indistinct
worm borings ........ S anaenenagm ve... 365 0 14 6 239 0

Dark arenaceous Ilmestone and drab shale,
limestone predominating. Fault at bot-
tom ... e, 350 6 8 0 224 6

1The horlzontal measurement begins at the top of the Keefer sandstone and
extends along the railroad track. This section is continuous with the section
of the Wills Creek and Tonoloway formations described on pages 114-126.
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Horizontal dis-

Drab shale and interbedded impure dark
limestone, mostly shale. The lower beds
contain Lingula sp., Camarolechia an-
drewsi, Uncinulus obtusiplicatus, Ho-
meospira evaxr var. marylandica, Un-
cinulus obtusiplicatus zone. A thrust
fault in this unit has 1-foot throw......

Interbedded drab shale and dark impure
limestone containing various species of
Euklrdenella and Dizygopleura.........

Interbedded drab shale and dark impure
limestone in about equal amounts, carry-
ing Tentaculites niagarensis............

Interbedded drab shale and some dark, im-
pure limestone in beds from 1 to 3 inches,
containing Camarotwchia andrcwsi, Cli-
dophorus nitidus. Ten feet below the top
occurs Buthotrephis gracilis var. inter-
media, Whitfieldella marylandica. Cteno-
donta subreniformis is found at base....

Dark, calcareous shale bearing Lingula sp.,
Homwospira evax var. marylandica, Oli-
dophorus nitidus, Pterinea flintstonensis,
and Hormatoma marylandic®...........

Drab shale and occasional limestone layers
bearing Clidophorus nitidus, Pterinea
flintstonensis, Hormatoma marylandica.

Thick-bedded, dark impure limestone......

Drab shale and some thin-bedded, dark,
impure limestone bearing at top Clido-
phorus nitidus and Hormatoma mary-
1anAiCa . vvenveerininieeennnneones

.Thin-bedded, dark, impure limestone and
some interbedded drab shale bearing
Lingula gracilis and Hormatoma mary-
T e T

Thin-bedded, dark, impure limestone and
drab shale in about equal amounts.
About 9 feet from top is a small fault
with a heave of approximately 8 inches.
This unit contains Butrotrephis gracilis
var., Lingula gracilis, Dalmanelle ele-

tance from
top of Keefer
sandstone to
top of beds

Thickness
A
Beds Total

— Yy T
Feet Inches ;Feet Inches Feet Inches

342 6
322 0
313 0
273 0
264 0
248 0

23

14

216
191

187

179
156
149
134

133

130




Horizontal dis-

gantula, Camarotwchia andrewsi, Clido-
phorus nitidus, Hormatoma marylandica,
H. hopkinsi, Homwospira cvax var. mary-
landica, Pterinea flintstonensis..........
Dull-black to drab shaly limestone re-
sembling a cement rock. Fault at top of
unit. The bottom of this unit was situ-
ated at the west end of spring before the
fill was made. (West end of spring is at
173 feet of traverse)...................
Interbedded, dark, impure limestone and
shale containing Hormatoma marylandica
and H. hopkinsi.......................
Interbedded shale and dark, impure lime-
stone carrying in upper part Clidophorus
AREAUS ..o
Concealed along railroad track by faulting.
Drab shale and interbedded dark limestone.
Four feet above its base in center of a
small anticline (72 feet’ west of top of
Keefer sandstone) is a dark limestone in-
terbedded with gray limestone which con-
tains Reticularia bicostata and Clido-
phorus nitidus ........................
Thick beds of limestone and interbedded
shale. Three feet above base occurs
numerous Beyrichia moodyi ............
Massive dark impure limestone and some
interbedded shale. The limestone bears
Reticularia bicostata, R. bicostata var.
marylandica, Beyrichia moodyi, Dizygo-
pleura micula, Eukloedenclla longata, and
other species of Eukladenella..........
Drab shale with some bands of dark lime-
stone. This unit is badly crushed. Thick-
ness estimated ........................
Thick-bedded, dark limestone containing
numerous elongated limestone pebbles of
a different color. This bed forms a pro-
jecting ledge near top of cut............

Total thickness of McKenzie forma-
L (] L

tance from
top of Keefer
sandstone to

top of beds

— ===y f
Feet Inches I'eet

44

182 0 6

172 0 27

20

117 0 ]

62 0 1

56 Rose Hinr AND McKEXZIE FORMATIONS

Thickness
p— = —
Beds Total

=W T B
inches Feet Inches

0 125 0
0 81 0
0 75 0
0 48 0
0 28 0
6 23 0
0 14 6
6 9 6
6 4 0
6 2 6
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RoCnESTER FORMATION

Dark shale ...............coovveunnn...
Thick-bedded, dark, lenticular limestone
and some interbedded dark shale. The
limestone contains Whitfieldella mary-
landica, Lingula sp., Dizygopleura pricei,
D. gibba, D. intermedia var. antecedens,
D. intermedia var. cornute. Thickness
along track ............coovninnnnnn..
Thick-bedded, dark lenticular limestone
with some interbedded shale. Whitfield-
ella marylandica is very profuse 3 feet
above base. Tentaculites niagarensis oc-
curs near base. The base of this unit
is repeated 43 feet west of the top of the
Keefer sandstone by minor faulting.
Thickness about
Dark-gray shale with thin beds of crystal-
line bluish-gray limestone. Cornulites
rosehillensis and Schuchertella elegans
occur about 18 feet above its base. Dal-
manites limulurus is found abundantly in
lower 10 feet of unit. This unit bears
dichmina abnormalis, A. postica, A.
spinosa, Beyrichia veronica, Dizygopleura
symmectrica, Drcpanellina clarki abun-
dant .................
Olive shale and bands of highly fossilifer-
ous crystalline gray limestone containing
Stropheodonta corrugata, Homalonotus
dclphinocephalus, Drcpanclling clarki,
Aichming spinosa .....................
Iron ore (IRoberts iron orc)

Keefer Sandstone

Hard, gray, fine-grained slightly calcareous
sandstone ......... ...t iiiiiiii i,

Total thickness of Rochester forma-
tion ...t b d

Horizoutal dis-
tance from

25T
-2

top of Keefer Thickness
sandstone to ‘ A T
ton_gf beds Beds Total
’F_ee' Inches ;eet Inches Feet Inches
54 0 1 3 39 0
4 6 a7 9
4 6 33 3
29 0 19 0 28 9
2 6 9 9
0 6 7 3
Member
7 0 7 0

39 0
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Rose HiLL ForyarioN

Horizontal dis-
tance from
‘top of Keefer Thickness
sandstone to ———Pm——
top of beds Beds Total
A A A

Feet Ilmokie. Tast \mohes! Hoat Inches

Greenish-gray and chocolate-colored shales
and interbedded thin bands of sandstone.
The shale is more deeply chocolate-col-
ored about 44 feet from the bottom. In
the upper 12 feet the sandstone is re-
placed in part by limestone bands. To-
ward the top occur Cornulites rosehil-
lcnsis, Stropheodonta sp., Schuchertella
tenuis, Dalmanclla elegantula. Fourteen
feet below the top of this unit occur Cho-
netes mnovascoticus, Alchmina crassa,
Plethobolbina typicalis, Mastigobolbina
arguta. Twenty feet below top occur
Chonetes novascoticus and Camarotachia
neglecta. Base of this unit is 115 feet
east of top of Keefer sandstone

Hackly, chocolate-colored shales showing
spheroidal weathering. A few thin sand-
stone layers occur in upper part of the
unit. Towards the bottom the sandstone
‘beds are more numerous and the shales
are lighter-colored. Base of this unit is
in center of an anticline 190 feet east of
the top of the Keefer sandstone. The
section is repeated east of this unit

Concealed in rear of cement mill., Thick-
ness estimated to be about

The section is continued east of the cement
mill. Olive to gray shale with a few thin
sandstone lenses

Sandstone with Cwlospira hcmispherica,
Calymene cresapensis, and many ostra-

Gray, somewhat mottled shale containing
many Buthotrcphis gracilis var. inter-

Sandstone layer with many Tentaculites
sp., -Calymene sp., ostracods and crinoid

Gray shale
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Horizontal dis-
tance from
top of Keefer Thickness
sandstone to e —
top of beds Beds Total
A A A

';e_et Inches rb—‘eet Inche; ?‘eet Inches‘

Sandstone with a great many Teniaculites

minutus .. .. 0 4 222 10
Gray shale with a few interbedded thin

sandstone layers .. .. 20
Gray shale bearing Cxlospira hemispherica

and Buthotrephis gracilis var., inter-

media which is more abundant toward

the bottom of unit
Hackly gray shale with very few sandstone

lenses
Red ferruginous sandstone and interbedded

shales. The sandstone contains so much

hematite as to approach a low-grade iron

ore, the Cresaptown iron sandstonc, con-

Interbedded ferruginous sandstone and

Massive ferruginous sandstone

Shaly sandstone and thin beds of ferru-
ginous sandstone

Ferruginous sandstone showing cross-
bedding and clay balls at top

Ferruginous sandstone, many clay balls
and lenses

Interbedded shale and ferruginous
sandstone

Ferruginous sandstone, the upper part
highly od6litic, the lower part bearing
some plant remains. Its upper sur-
face is ripple-marked, the wave crests
being about 1 foot apart with smaller
intervening crests. The troughs be-
tween the crests are not quite filled
with shale

Massive beds of ferruginous sandstone.

Shale and ferruginous sandstone

Massive bed of ferruginous sandstone
containing Stropheodonta sp., Meris-
tina sp., Orthoceras bassleri
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Horizontal dis-
tance from

top of Keefer Thickness
sandstone to —
top of beds Beds Total
= -~ —A N -~
Feet 1Inches Feet Inches Feet Inches
Shale and thin ferruginous sandstone, 0 9
Ferruginous sandstone .............. 1 8
Gray shale ........................ .. 0 8
Gray shaly sandstone................ 0 6
Fissile gray shale .............. ... .. 1 6
Ferruginous sandstone ........... .. .. il 8
Shale ...............ooooi 0 2
Ferruginous sandstone in two beds.. ., 1 3
Shale .............oooo i, 0 3
Ferruginous sandstone .............. 0 5

Fissile gray shale with a few thin beds of

sandstone ............................ o0 .. 150 0 155 0
Concealed to base of the formation, esti-
mated to be about........ [o o o o NN - | .. .. 140 0 140 0

Approximate thickness of the Rose
Hill formation .................. 552 0

Ostraeods are very numerous in the MeKenzje formation at Pinto and
eolleetions taken from nearly every part show most of the following
speeies: Kladenella nitida, Dizygopleura halli, D. intermedia, D). per-
rugosa, Beyrichia moodysi,

II. Section along Baltimore and Ohio Railroad, 1% miles northeast of Pinto

This seetion embraces 209 feet of the middle and lower strata of the
Rose Hill formation and supplements that seen at Pinto. The section
here described represents two exposures; one giving the portion of the
Rose Hill formation between the Tuscarora and the Cresaptown iron
sandstone, the other beginning at the base of the Cresaptown sandstone
and extending upwards in the strata.

The first of these exposures is seen where the Baltimore and Ohio Rail-
road cuts through the eastern of two sharp anticlinal folds whieh are found
between Pinto and Brady, its base being the top of the Tuscarora sand-
stone. The second begins a little to the northwest of the seeond sharp fold
and eontinucs with low-dipping strata, here and there coneealed in part,
nearly to Brady station.
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Tlliqkness
RosE HILL FORMATION Beds Total
Conceaied. TR el
Shales and interstratified, grayish to brown sandstones
withh gentle dfp, fineiy exposed along the railroad.
The color and character of the shaies of some beds
seem to change considerably with small difference
in iocation and exposure. Shales barren. The sand-
stones carry Camarotawchia neglecta, Tentaculites
minutus, and Calymene sp...... R R ¥ e T I
Red ferruginous sandstone and interbedded shale. The
Cresaptown iron sandstone comprising the following
beds:
Red fossiliferous sandstone, massive at bottom.
Shale partings toward top
Greenish-gray, calcareous shale
Red ferruginous sandstone
Oiive to greenish-gray, arenaceous shales with sand-
stone bands which become harder and more numer-
ous toward the bottom. Sparingly fossiliferous.
Rather pooriy exposed. This unit bears Camaro-
taechia neglecta, Caclospira hemispherica, Tentaculitcs
minutus, Mastigobolbina lota

Total thickness of Rose Hill formation exposed.

TUSCARORA FORMATION

Massive white séndstone.

III. Section at Cedar CIliff
An exeellent section of the upper 170 feet of the MeKenzie formation
is seen In the cut of the Baltimore and Ohio Railroad at Cedar Chiff,
Maryland, 4 miles southwest of Cumberland. The strata exposed at
this place are almost identical in eharacter with the eorresponding beds
at Pinto. They are, however, more weathered and the fossils are much
niore casily obtained.

In the castern end of the eut a reversed fault, having a vertical dis-
placement of about 20 feet, intersects the roeks lying near the MeKenzie-
Wills Creek contact. Forty feet below the top of the McKenzie formation
oceurs a great abundance of Uncinulus obtusiplicatus, a species char-
acteristie of this portion of the formation throughout the greater part of
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the Maryland area. Below this is a zone abounding in Camarotwchia
andrewsi. The section here measured is as follows:

Thickness
—

WiLLs CREEK FORMATION — —
Beds Total
Bloomsburg Member rl;;t lnc;l:s ?e;-&l-ncl;s
Dark-brown sandstone ...........ccoetenverenensanans 2 0 22 6
Calcareous shale .............vvvunnnn e T 1 6 20 6
Ccdar Cliff limestone consisting of

Thin-bedded limestone and shale................. 1 6 19 0

Rather massive, dark-gray limestone............. 5 0 17 6
Yellow, disintegrated, ferruginous, thin-bedded

limestone and shale. Leperditia sp............ 1 6 12 6
Platy, ferruginous and calcareous sandstone. Le-

DOTRAREIALSPY <. o o e et it e e . 1 0 11 0
Yellowish, sandy limestone, toward base many nod-

ules of limy matter............. ...l 2 6 10 0

Brown sandstone ...........cocciiuereeseinsncecncnns 2 6 7 6

Argillaceous sandstone with shale partings........... 5 0 5 0

Thickness of Bloomsburg member............. 22 6

McKENZIE FORMATION
Dark, mottled, arenaceous shale..................... 11 0 295 0
Argillaceous sandstone with ‘fucoid markings......... 1 0 284 0

Dark-gray shale with some interbedded sandstone in
the upper part containing, 6 inches below the base,
Clidophorus nitidus, Hormatoma sp., and Orthoceras .
MACKENZICUM. v e e aenen e ionsnnnnnssensasnns 2 0 282 0
Interbedded shale and thin-bedded limestone bearing, 3
feet 8 inches above the base, Ctenodonta subreni-

FOrmis COMMON . ...vuunrnreneessosenneeneeeeneens 11 8 281 0
Dark, fossiliferous shale containing Spirifer mack-

enzicus and Clidophorus nitidus, both common...... 2 4 269 4
Interbedded shale and thin-bedded limestone.......... 6 4 267 0

Calcareous shale with thin bands of limestone. In the
upper 3 feet are found Dalmanella elcgantule, Cama-
rotwchia andrewsi, Uncinulus obtusiplicatus, Cunea-
mya wlrichi, and Poleumita mackenzic@............ 6 2 260 8

Interbedded limestone and calcareous shale. Thicker
beds of limestone at the top and bottom of this unit.
In the upper 2 feet are found Lingula clarki, Unci-
nulus obtusiplicatus, and Poleumita mackcnzica.
From 4 to 6 feet below the top occur Lingula clarki,
Dalmanella elegantula in great abundance, Cama-
rotwechia andrewsi in great abundance, Uncinulus
obtusiplicatus in great profusion, and Cuneamya
wulrichi. From 7 to 12 feet below the top are found
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VIEW SHOWING LOVERS LEAP IN THE NARROWS OF WILLS CREEK NEAR CUMBERLAND.
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Thickness

———t—
Beds Total

I —

’Feet ln;;x:; Feet Inches
Dalmanella clcgantula. Uncinulus obtusiplicatus.
Cuneamya ulrichi, Clidophorus nitidus. Hormatoma
marylandica, Polcumita mackenzica, Diaphorostoma
niagarense, and Tentaculites niagarensis common.
In basal limestone occur Bollia immersa, B, nitidula,
Zygobeyrichia incipiens, 7. ventricornis, Kledenia
normalis, Bythocypris pergracilis.................. 18 6 254 6
Calcareous shale with some thin bands of limestone.
Favosites marylandicus common, Dalmanella elegan-
tula, and Tentaculites niagarcnsis var. cumberlan:
dier common occur at 1, 3 and 6 feet below the top,
respectiVely .o.vvniiiiiieiiiiiii it 10 0 236 0
Grayish-green shale and interbedded limestone. From
2 to 6 feet below the top occur Orbiculoidea clarki
abundant, Camarotwchia andrewsi, Hommospira evax
var. marylandica abundant, and Pterinea flintston-
ensis. From 9 to 13 feet Pterinea flintstonensis is
abundant. Sixteen feet below the top are found
Favosites marylandicus, Camarotachia andrewsi, and
Orthoceras mackenzicum. Clidophorus nitidus is
common from 17 to 23 feet below the top of this
unit. Twenty-five feet below the top it becomes
abundant. Lingula subtruncata occurs 26 feet below
the top, while 28 to 32 feet below the top are found
Camarotachia andrewsi. Clidophorus nitidus com-
mon, and Hormatoma hopkinsi. Thirty-six feet be-
low the top occurs Hormatoma marylandica........ 42 0o 226 0
Dark-blue limestone with thin shale partings. Four
feet below the top occur Hormatoma hopkinsi abun-
dant, and Orthoccras mackenzicum. Clidophorus ni-
tidus is found from 5 to & feet below the top. Nine
to 10 feet below the top occur Hormatoma hopkinsi
common, Clidophorus nitidus in abundance and
Pterinca flintstoncnsis. From 14 to 16 feet below the
top are found Favosites niagarensis. Orbiculoidea
clarki. Homaospira cvax var. marylandica common,
and Clidophorus nitidus. Twenty-four feet below
the top occur Orbiculoidea clarki and Orthoceras
mackenzicum. Twenty-nine feet below the top occur
Orbiculoidca elarki, Dalmanella elegantula, humer-
ous Homwospira evar var. marylandice and Clido-

PROTUS NAIAUS . ..ot i e 54 0 184 0
Concealed. Thickness about................ccovnnnn 130 0 130 0
Tetal thickness of McKenzie formation about. . 295 0

5
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IV. Section at Rosc Hill South of Cumberland

An excellent section of the lower part of the MeKenzie formation, the
Rochester formation, and the upper beds of the Rose Hill formation is
seen in the cut of the Baltimore and Ohio Railroad at the southern end
of Rosc Hill, 1% miles southwest of Cumberland. This is one of the
finest loealities in the state for the examination of the Rochester forma-
tion and its contact with the immediately adjoining strata and affords an
excellent eolleeting ground for the fossils found in them. It is com-
plieated by faulting, rendering preeise measurement of its thickness diffi-
eult. A fault scen 46 feet east of the top of the Keefer sandstone eauses
the lower 20 feet of the overlying beds to be repeated. The measure-

ments are as follows:
MCKENZIE FORMATION

Thickness
——t——
Beds Total

A A

. . . . 'Feet Inc;;; Feet Inche;
Dark-blue to grayish-blue, impure limestone with shale

partings. Orthoceras mackenzicum and Favosites cf.
niagarensis are found especially in the upper 20 feet.

Center of syncline 5 feet above base of unit......... 70 0 -109 0
Limestone, dark and impure................. S 2 0 39 0
Black, calcareous shale carrying many ostracods. ..... 2 0 37 0
Thin-bedded limestone and shale in about equal

amounts ........ bt r e e et ettt 11 0 3 0
Drabshale .......ovvviiiiniiiiirreennnnnnnnn 2 0 24 0
Thick-bedded limestone with thin shale partings...... 11 0 22 0
Interbedded limestone and shale in thin beds......... 5 6 11 0
Thick-bedded massive limestone and shale m thin beds 4 0 7 0
Drabshale ..............oiiiiiiiinnin . 0 1 3 1 6
Thin limestone band containing 6 inches below top

Kladenella nitida, Dizygopleura halli, D. intermcdia

D. perrugosa, Beyrichia moodyi............ s ses XN 0 3 20 6

Thickness of McKenzie formation described.. .. 109 0

ROCIIESTER FORMATION
Thick-bedded limestone bearing Whitfieldella mary-
landica .........c.coeviunn... o SRR ceee. 3 0 64 11
Dark-gray shale with thin limestone beds About thls
horizon is Strophcodonta corrugata var. pleuristriata 6 0 61 11
Interbedded blue limestone and drab shale. Two feet
above base occurs Drepanellina ventralis. .......... 7 10 65 11

* The Rose Hill formation receives its name from the section at the northern
end of Rose Hill in Cumberland, described on page 68.
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Dark, bluish-gray fine-grained limestone containing
many light-colored lenses of limestone forming a
limestone conglomerate .................. 3

Drab shale above. At base a bed of black limestone 8
inches thick with light-colored spots in it in many
places, containing Favosites sp., Whitfieldella mary-
landica, AFehmina spinosa, A, ventralis, Drepanellinag
ventralis. The base of this unit is 123 feet east of
the top of the Keefer sandstone

Drab shale. A thin band of limestone in the middle
abounds in Whitfieldella marylandica, bears also
Schuchertella elegans, Tentaculites niagarensis....

Limestone bed made up in large part of Whitfieldella
marylandica but contains also Schuchertella subd-
plana, Drepanellina clarki, Dizygopleura asym-
metrica, L'chmina abnormalis, A, spinosa, Aparchites
alleghaniensis, Beyrichia veronica. The base of this
bed is 103 feet east of the top of the Keefer sand-
SEOTIE o ivtiveinernroonnonessnsnnsosnsossnas

Drab shale bearing Pholidops squamiformis. At base
is a thin limestone band containing Schuchcrtella
subplana, Drepanellina clarki, Dizygopleura asyui-
metriea, D, proutyi, A ehmina abnormalis, A. spinosa,
Aparchites alleghaniensis ........cceevevinnnrnens

Drab shale above. Thin gray limestone at base con-
tains Schuchertella elegans common, S. subplana,
Whitfieldclla marylandica, Drepanellina clarki, Di-
2ygopleura asymmetrica, D. proutyi, L'ehmina ab-
normis, A. spinosa, Aparchitcs allcghanicnsis, Bey-
richia veroniea ..

Drab shale above. At base a band of limestone con-
tains Cornulites concavus, Pholidops squamiformis,
Sehuchertella elegans, Dalmanites elegantula, Cama-
rotwchia neglecta, Whitficldella marylandica, Ten-
taculites niGUATENnsisS .....ovvviir e insnnneonnnns

Drab shale above bearing Reticularia bicostata.” At
base a platy limestone contains Stropheodonta corru-
gata var. pleuristriata, S. deflecta, Drepanclling
clarki, Dizygopleura symmetrica, D. proutyi, Feh-
mina abnormis, A, spinOSa. .. ...,

Fissile, dark-gray shale carrying Whitfieldella mary-
landiea, Pterinea emaccrata. Tentaculites niagar-
ensis. A thin band of limestone at base contains
Cornulites rosehillensis, Stropheodonta corrugata,
Dalmanella elegantula, Camaroteehia neglecta, Whit-

Thickness
.* Beds Total
A A

r N1 Al
Feet Inches Feet Inches

1 0 48
1 2 47
0 9 45
0 11 45
1 4 44
0 9 42
1 1 42
1 1 41
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ficldella marylandica, Homalonotus delphinoccphalus,
Dalmanites limulurus. Drepancllinag clarki, Dizy-
gopleura symmetrica. . chmina abnormis, A. spi-
nosa, Beyrichia veronica......... R . o
Interbedded drab shale and dark-gray limestone.
band of limestone at the top contains Cornulites
concavus, Pholidops squamiformis, Strophcodonta
corrugata, Spirifer sp., Reticularia bicostata, Whil-
fieldclla marylandica, I{omalonotus lobatus. A thin
band of limestone at base contains Dalmanclla elc-
gantula, Whitficldella marylandica very abundant,
Dalmanites Timulurus ......cooviiieinnneenennnns
Drab shale bearing Camarotuchia ncglecta. A band of
limestone at base contains Cornulites roschillensis,
Strophcodonta corrugata, Camarotwchia ncglecta,
Atrypa rcticularia. Whitficldella marylandica, Tcn-
taculites niagarcnsis var. cumberlandir, Homalono-
tus dclphinocephalus, 1. lobatus, Dalmanites limu-
lurus, Drepancllina clarki. Dizygopleura symmietrica,
D, proutyi .. i et e i i e e
Drab shale with Pterinca emaccrata. At base a grayish-
blue crystalline limestone forms a projecting ledge.
The limestone contains Strophcodonta corrugata var.
pleuristriata, Pholidops squamiformis, Camarotwchia
neglecta, Diaphorostoma niagarcnsis, Encrinurus or-
natus, Honolonotus dclphinocephalus, H. lobatus,
Drepanellina clarki, Dizygopleura symmctrica, D.
proutyi
Drab shale with bands of crystalline gray limestone.
Limestone lenses contain in upper part Stropheo-
donta corrugata, S. dcflecta, Dalmanella clcgantula,
Camarotachia neglccta, Reticularia bicostata var.
marylandica, Dalmanites limulurus, Drepanellina
clarki, Dizygopleura symmetrica, D. asymmetrica,
Fchmina abnormis, A. spinosa. One foot above base
oceurs Conularia niagarensis. A thin band of lime-
stone at base contains Strophcodonta corrugata, Lep-
tena rhomboidalis, Dalmanella clegantula, Cama-
rotwchia neglecta, Conularia niagarcnsis
Dark-gray fissile shale bearing Rcticularia bicostata.
Impure platy limestone at base contains Stropheo-
donta corrugata, S. corrugata var. pleuristriata,
8. deflecta, Camarotwchia neglecta, Drepanellina
clarki, Dizygopleura symmetrica, A'chmina ab-
normis, A. spinosa

RoseE Hirt Axp McKENzIE ForMATIONS

Beds

Feet Inches

Thickness
Total
Feet Inches
1 40 0
8 37 0
4 36 3
0 34 1
0 32 11

0 27 11
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Thickness
—_——l
Beds Total
—Hr— ———A—
FFeet Inches Feet Inches

Dark-gray fissile shale. At base is a thin limestone

band containing Dalmianites limulurus............. 1 4 25 11
Dark-gray fissile shale bearing Cornulites eoneavus,

C. rosehillensis, Leptana rhomboidalis, Schucher-

tella subplana, Atrypa reticularis, Spirifer crispus,

Bucanella trilobata, Diaphorostoma niagarcnse. ... 4 11 24 7
Interbedded, thin gray limestone and fissile gray shale

bearing Stropheodonta corrugata, Dalmanella elegan-

tula, Platyceras unguiforme, Diophorestoma niaga-

rense, Drepanellina elarki, Dizygopleura symme-

trica, LLechminag abnormiS. .. .....ccovviiiiirenennnes 1 4 21 3
Dark-gray, fissile argillaceous shale with thin bands

of crystalline limestone. A band 5 feet above base

contains Stropheodonta corrugata, Leptena rhom-

boidalis, Schuchertella tenuis, Rhipidomella hybrida,

Atrypa reticularis, Spirifer erispus, Pterinea ema-

cerata, Hormatoma sp., Poleumita sp., Platyceras

unguiforme, Diphorestoma niagarense, Homalonotus

lobatus. A band 3 feet above the base contains Stso-

pheodonta eorrugata, Dalmanella elegantula, Cama-

rotwchia neglecta, Uncinulus stricklandi, Homalo-

notus delphinocephalus, Dalmanites limulurus, Dre-

panelling clarki, Dizygopleura symmetrica, Lehmina

abnormis, A. spinosa............. e 7 0 19 11
Gray sandstone stained red................... ... ..., 0 6 12 11
Fossiliferous gﬁlitic iron ore. The Roberts iron ore.. 0 8 12 5

Keefer Sandstone Member

Shaly sandstone, brownish above base................. 1 1 1 9
Massive gray sandstone with many cavities % inch in
diameter and many small tubular openings......... 8 0 9 10
Shaly sandstone ............. ..o, 1 10 1 10
Thickness of Rochester formation............. 64 11

RoskE HILL FoRMATION

Interbedded shale and calcareous sandstone.......... 3 0

Fissile shale . ...ttt it iiiirneroeeennenneenns 5 0

Light-gray limestone containing Chonetes novascoticus,
Cwlospira swlcata abundant....................... 0 6
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Thickness
P o e U
Beds Total
A —A

Teet lnc;:s; i"_cct 1nches
Olive to brown shale interbedded with thin, slightly
calcareous sandstone. The upper 30 feet of this unit
are seen in the railroad cut, the underlying beds are
poorly exposed west of the cut. This unit contains
Atrypa reticularis, Ceelospira sulcata, and Bucanella
rilobata ... i e e 90 0

Thickness of Rose Hill formation exposed...... 98 6

The thickness assigned the Rochester formation is much greater in this
section than elsewhere in Maryland. The McKenzie-Rochester contact
1s not marked clearly by lithological change but is determined by change
in the ostracod faunas.

V. Section at Cumberland

The best and most carefully studied section of the Rose Hill formation
in Maryland is at the north end of Rose Hill, Cumberland, from which
locality the formation reccives its name. The section is scen along the
Western Maryland Railway and in its immediate vicinity east of the
“ Narrows,” the gorge cut by Wills Creek through Wills Mountain. This
locality affords a nearly continuous exposure of the strata between the top
of the Tusearora formation and the Whitfieldella marylandica zone at the
'top of the Rochester formation. About 100 feet of the immediately over-
lying beds of the McKenzie formation are also poorly exposed on Camp
Hill along the top of the cliff immediately overlooking Wills Creek. The
MeKenzie-Wills Creek contact is, however, finely shown west of the old
eement quarry.

A shale having a faint reddish tone is seen 313 feet east of the Keefer
sandstonc and appears to occupy approximately the position of the red bed
so prominent in the middle of the McKenzie formation east of Hancock.

The contact of the Rose Hill and the Tuscarora formations is admirably
exposed, showing that the formations are connected, locally, by transi-
tional beds.
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‘Wirrs CREEK FORMATION Thickness
—

—— 1y

Bloomsburg Member — Beds Total

—A ) -
Feet Inches FKeet Inches
The section is exposed in cliff east of cement quarry.

Compact standstone, upper 8 inches red, lower bed
greenish ............ o BaiEEy I8 oy 3 6 3 6

McKENZIE FORMATION *

Thin-bedded argiilaceous sandstone; greenish above,

dark below with numerous worm borings paraiiei

tobedding .........ooiiiiii i, o 390 o I . 6 0 294
Dark shale, fossiliferous above, worm borings below... 4 0 288
Fissiie drab shaie with thin bands of iimestone above,

concealed below. The upper 50 feet of this unit con-

tains Dizygopleure acuminata, D. swartzi, D. cari-

nata, Euklaedenella punctillose. The middie part of

the unit bears Zchmina depressa, Klwdenella nitida,

K. scapha-brevicula, K. immersa, Dizygopleure per-

rugosa, Eukledenella sinuata proclivis, Bythocypris

ODESA v voiiiieniininenenecnnonennnnnnss o 175 0 284 7/
The section is continued in the bluff overlooking the

Western Maryland Railway.
Shaie, faint reddish tone, exposed 313 feet east of

Keefer sandstone. Thickness about................ 5 0 109
Shale with numerous thin beds of iimestone. The

upper part of this unit abounds in Hormatoma mary-

landica. H., hopkinsi, Orthoceras sp. About 25 feet

above the base of this unit occur Dizygopleura

subdivisa, D, intermedia. Thickness about......... 100 0 104
Dark limestone with a bed of shaie 11 inches thick in

its middle ..... A - " oo o Boooo Q00000 00R 2 9 4 7
Drab shale. At its base is a bed of dark-gray limestone

9 inches thick with many calcite veins. Surface

weathering light gray, in part a limestone conglom-

erate ....... 000000, . - e 1 10 1 10

-3 =1

-1

-1

Total thickness of McKenzie formation........ . 294 7

! The distance between the top of the Keefer sandstone and the base of the
Cedar Ciiff limestone iens in the Bioomsburg red sandstone is 640 feet S. 61° E.
{measured by tape). The average dip of the rocks between these points is
32° 18’ as a result of 31 observations. This gives a thickness of 294 feet for
the McKenzie formation.
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Thickness

ROCHESTER FORMATION Beds Total

Feet lnche? ’;‘eet—;nch;
Drab, fissile shale. At its base is a band of dark-

colored, fine-grained limestone with many -calcite

veins and many Whitfieldella marylandica.......... 2 0 46 1
Drab to olive, argillaceous shale with numerous Whit-

fieldella marylandica. At its base is a bed of lime-

stone containing Whitfieldella marylandica and

OStTACOAS ... i ittt ittt it ittt 1 2 44 1
Olive to drab shale..........ccovuirintneenenennennnn 9 0 42 11
Grayish-blue limestone containing Pholidops squami-

formis, Stropheodonta corrugate, Camarotwchia neg-

lccta, Whitficldella marylandica, Dalmanites limu-

lurus, AZchmina spinosa, A. abnormis, A. postica, A.

cumberlandiw, Dizygoplcura proutyi, D. symmetrica,

D. asymmetrica, Aparchites allcghaniensis, Beyrichia

veronica. Primitia rcsseri, Drepancllina clarki, D.

MOAESTA .o ve ittt it ittt ittt e 0 6 33 11
Drab shale containing Camarotwchia neglecta. ....... 2 0 33 5
Bluish-gray limestone bearing Cornulites cf. concavus,

Stropheodonta corrugata, Camarotwchia neglecta.

Dalmanella elcgantula, Whiltficldella marylandica,

Homalonotus 10batus ..........ccuueeeenenn. Moo &S0 E i} 8 31 5
Drab shale. A bed of grayish-blue medium-grained

limestone bears Stropheodonta corrugata, Schucher-

tella elcgans, Dalmanclla elcgantula, Camarotechia

neglecta, Atrypa reticularis, Conularia sp., Homa-

lonotus delphinocephalus, Dalmanites limulurus. ... 1 0 30 9
Drab shale. At its base is a band of shaly sandstone

carrying Stropheodonta corrugata, Leptana rhom-

boidalis, Camarotwchia neglecta very abundant,

Homalonotus delphinocephalus, H. lobatus......... 1 2 29 9
Drab to olive shale...........ccvviiiieirnnnnnnnn 8 0 28 7
Crystalline gray limestone containing Cornulitcs con-

cavus, Strophcodonta corrugata. S. deflecta, Leptana

rhomboidalis, Dalmanella elegantula, Rhipidomella

hybrida, Camarotwchia neglecta, Atrypa reticularis,

Reticularia bicostata. Platyceras niagarense, P. un-

guiforme, Diaphorostoma niagarense, Homalonotus

delphinocephalus, H. lobatus, Dalmanites limulurus. 0 8 20 7
Olive todrabshale.............coiuinuneinennnnnnnns 4 0 19 11
Crystalline gray limestone, bearing Favosites favosus,

Cornulitcs rosehillensis. Strophcodonta corrugata,

Dalmancllia clegantula. Rhipidomella hybrida, Cama-

rotwchia neglccta, Spirifer crispus, Platyceras ungui-

forme, Lioptcria subplana, Diophorostoma mniaga-

rense, Stylolina sp., Coleolus sp., Homalonotus delpki-

nocephalus, Dalmanitcs Uimulurus. .. oooveveneen.. 0 5 15 11
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Thickness
I —
Beds Total
r— ~
Feet Inches Feet Inches
Olive to drab shale carrying . Uncinulus stricklan;ii,

Sphyrodoceras cf. desplainensc.................... 4 1] 15 6
Iron ore. ROberts irom oOrc.........oeoeeeeuiueonronees 0 6 11 6

’ Kcefcr Sandstone Member

Massive sandstone. Upper 2 feet very calcareous, lower
foot iron-stained and carrying the followlng poorly-
preserved fossils: Camarotachia neglecta, Liocalym-
menc clintoni, Strophcodonta sp., crlnoid stems..... 11 0 11 0

Total thickness of Rochester formation......... 46 1

RostE HILL FORMATION

The sectlon is contlnued along the road leadlng south-

west from the top of the bluff. The traverse begins

at the base of the Keefer sandstone about 700 feet

southwest of the railroad and extends 681 feet

towards the west. Average strike and dip N. 34° E.

37° E.

Traverse S. 83° W, 200 feet

Thin-bedded olive to drab argillaceous shale, with occa-

sional thin sandstone beds, carrying near base Dal-

manclle clegantula, Atrypa reticularis, Cewlospira

sulcata, Tcntaculites minutus, Liocalymmcenc clin-

toni. Mastigobolbina typus. Picthobolbina cornigcra,

P. typicalis, Dizygoplcura symmetrica, Bonnemaia

COISA v v vvevnnooonneeasossrososssonsssossasssanss 20 0 552 1]
Purplish to reddish, thin-bedded argillaceous shale.... 6 0 532 3
Olive to llght-red argillaceous shale, carrylng 7cn-

taculites MINULUS .o eee e i enneenerossossscasns 2 0 526 1]
Thin-bedded drab argillaceous shale with some reddish

to purple layers and occasional beds of sandstone,

carrying 10 feet below the top many Atrypa reticu-

laris. Fifteen feet below the top Chonetes novasco-

ticus : 18 feet below the top Orthoceras sp.; 21 feet

below top Dalmanella elegantula, Celospira sulcata,

Liacalymmene clintoni; 38 feet below the top Calo-

SPira hemisSphRerica .......c.ooevvuneineiiniiaeananes 42 0 524 0
Olive to purple shale and a few thin sandstone layers

containing many C«lospira sulcata. Thls and the

next unit constitute the Bonncmaia rudis zone con-

tainlng Bonncmaia obliqua. B. pulchella, B. longa,

Mastigobolbing virginica ..........cocoveenecennns 12 0 482 0
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Thickness
gds— . Total
Traverse S. W2 = e
Feet Inches Feet Inches

Reddish, fissile shale..................0ouivnnnn. 8 0 470 0
Thin-bedded, arglllaceous shale with occasional thin

beds of sandstone cont'élning Buthotrephis cf, gracilis

var. Zygosella POStiC..........ovueeusuennnnnnn.s 112 0 462 0
Concealed ..............coiiiiiiiiiiiiin, 5 0 350 0
The sectlon is continued on the bluff south of the rall-

road and east of the ravine. The units were meas-

ured directly.
Rusty to gray argillaceous shale bearlng Camarotwchia

negleeta ............. A o -40-%.. 17078 1 0 345 0
Concealed .......ovvivuininininieneiiiininnnnnn.. 12 0 344 0
Rusty-gray to olive, arglllaceous shale bearing in places

numerous Buthotrephis sp. The base of this unit is

at the foot of the hill on the east side of the valley,

near the railroad................. N e o O o 0 30 65 15 0 332 0
Concealed in valley, probably shale. .................. 20 0 317 0

The sectlon is continued In a small cross valley a few

hundred feet southwest of the railroad track.
Rusty-gray to brown, argillaceous shale with some

sandstone bands; not well exposed. The top of this

exposure lIs east of the road and opposite a path

leadlng up hill to an old powder house.............. 21 0 297 0
Argillaceous shale becomlng dark-colored and brown

toward the top, with some ferruginous sandstone

layers, 1 to 2 Inches thlck, bearing Camarotachia

neglecta, Tentaculites minutus, and numerous ostra-

cods. The beds are not well exposed here but are

seen in path leading up hill southwest of the powder

O = S 20 0 276 0
Rusty-gray to olive argillaceous shale with thln beds

of sandstone near top, which bear Tentaculites minu-

tus, Calymmene cresapensis and many ostracods.... 11 0 256 0
Mottled shale containing Buthotrephis sp. At its base

is a sandstone containing Camarotwchia neglccta,

Calymmene Cresapensis .....ovvuveene e eenssrnnnns 18 0 245 0
Rusty-gray to olive shales with two conspicuous sand- 1

stone beds about 6 inches thick, one 8 feet from top

and one 4 feet from bottom. The shale contains

fewer specimens of Buthotrephis than the beds be-

*Traverse S. 73° W. from 200 to 336
S. 632° W, from 336 to 491
S. 55° W. from 491 to 581
S. 49° W. from 581 to 681, elevation at end 7 feet below polnt

of beginnlng.
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low. The sandstone at the top bears Chonetes
novascoticus, Tentaculites minutus, Calymmene sp.,
and a very striated Conchidium?. The lower sand-
stone layer contains the following fossils: Butro-
trephis cf. gracilis var., Chonetcs sp., C. novasco-
ticus, Camarotechia ncglccta, Caxlospira hemispher-
ica, Tentaculites minutus, Calymmene cresapensis,
Homalonotus dclphinocephalus, and many ostracods.
About 3 feet from bottom occurs a thin layer of shale
which contains numerous Celospira hemispherica
and Calymmene blumenbachii var. macrocephalus. .

Dark, fissile, rusty and knotty arenaceous shale bear-
ing many plant remains. At its base is a sandstone
lens carrying Buthotrephis- gracilis, Calymmene cf,
cresapensis

Fissile, argillaceous rusty shale with two sandstone
layers near center. Upper sandstone contains Cama-
rotarchia mneglccta, Calymmcene sp., Mastigobolbina

The section is continued along the Western Maryland
Railway at the east end of the gap.

Red iron sandstone consisting of red ferruginous sand-
stone and interbedded shale, the latter 4 inches thick.
The sandstone contains so much hematite as to ap-
proach a low-grade odlitic iron ore. Cresaptown
iron sandstonc

Argillaceous shale bearing Camarotechia neglecta crin-
oid stems, Mastigobolbina lata, Zygosella brcvis,
Zygobolba arcta, 7. bimuralis, Zygobolbina conradi,
Z. conradi latimarginata

Arenaceous shale with heavy lenses of quartz1tic sand-
stone containing Camarotechia ncglecta, Orthoceras
sp.

Slightly arenaceous, rusty shale weathering into small
rectangular fragments, as a rule thin-bedded and
fissile with an occasional thin sandstone layer.
Eleven feet below the top of this unit occurs Nucu-
lites sp., 20 feet below top Camarotwchia neglccta,
Calospira hcmispherica, Mastigobolbina lata, M.
vanuremi, M, clarkei, Chilobolbina punctata bicornis,
C. billingsi, Zygobolbina conradi, Z. conradi lati-
marginata. The rocks under the southeast leg of
water tank are 38 feet stratigraphically below the
top of this unit where occurs Ctenodonta willsi

Thickness
S N——

—
Beds Tota]

)
Feet Inches Feet Inches

23




4 Rosk Hirn axp McKexziE ForMATIONS

Thickness
— =)
Beds Total

~— — —

Feet Inches ¥eet Inches
Arenaceous rusty and hackly shale, a band of sand-
stone at its base. Near top of this unit are found
Aparchites variolatus. Zygobolba minima, Beyrichia

emaciata, Plethobolbina cribraria........ i . FEPLTYY 4 4 57 11
Fissile shale mottled with plant remains....... . ITrTY: 0 53 7
Sandstone somewhat ferruginous and having. irreg-

ular surface ........ .. ... . i i e i, 3 0 52 7
Shaly sandstone .............cc.iiiiiiitnnennnnnnnn. 2 0 49 7
Hard sandstone with shale partings.................. 1 6 47 7
Hackly, rusty, greenish shale................... e 6 6 46 1
Grayish to dark-green sandstone.................... 2 2 39 7
Argillaceous shale, dark-green and somewhat rusty

above. Gray sandstone below....... PR o oot 1 11 37 5
Argillaceous shale above; dark, fine-grained .sand-

stone below ... ..ttt i i 1 11 35 6

Arenaceous shale with thin sandstone layers with a

prominent, dark-green sandstone 6 inches thick at

DASE i i i ettt e 16 6 33 i
Argillaceous shale and some thin sandstone bands

having a fossil that resembles Caudagalli. The sur-

faces of the sandstone beds have irregularly-winding,

tubular prominences resembling worm borings..... 5 0 17 1
Argillaceous sandstone and some interbedded sandy

shale. Some of the lower beds of sandstone contain

many clay balls ..ottt iiiiiiiinnas 3 10 12 1
Thin-bedded, reddish sandstone with a few clay balls. . 4 0 8 3
Arenaceous shale with many black carbonaceous bands

resembling plant stems. .............ciiiiirans 0 10 4 3
Argillaceous sandstone, stained yellow............... 1 1 3 b
Interbedded shale and thin sandstone layers.......... 2 4 2 4

Total thickness of the Rose Hill formation...... 552 0
TUSCARORA FORMATION
Hard sandstone penetrated by numerous rusty small

BUDES .. it i i it e e it e 5 4 38 0
Rusty sandstone with many lenses of clay. A shale

layer contains Camarotachia neglecta............. . 0 8 32 8
Hard, heavy-bedded sandstone....................... 3 0 3 0

Hard sandstone and thin interbedded layers of sandy

shale, 1 to 3 feet thick containing a few worm borings

and some clay balls............ccviiiiiiinnnn. 9 0 29 0
Massive, white sandstone bearing Arthrophycus alle-

PRENTENSIS . .. it ittt ittt tntnea e 20 0 20 0
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B. Sections in Evitts Mountain Anticline
Vi. Seetions near the Siz-Mile House
Three excellent, partial seetions of the MeKenzie, Rochester, and Rose
Hill formations are seen in the vicinity of the Six-Mile House, a hotel
located on the National Road, six miles east of Cumberland. The eom-
bined exposures give a nearly complete section of the McKenzie, Rochester,
and the upper and middle beds of the Rose iil formations.

A. Section of Upper Part of McKenzie Formation

A fine exposure of the upper part of the McKenzie formation is seen
upon a county road leading south from the National Road about } mile
west of the Six-Mile House. The section described is situated about 3
mile south of the National Road. It is unfortunately complicated by folds
so that measurements are diffieult and it is probable that the thicknesses
given below are excessive. The locality is of interest because of the
marked development of the Hormatoma zone, certain of the beds contain-

ing such a profusion of gastropods of this genus as to formn a veritable

eoquina.
}lo_rizontal
WiLLs CREEK FORMATION f.r‘(’)"f]'g;‘%fn. Thickness
Bloomsburg Member 't':)?ng.:?he%ts' i;'ds Totﬁ
Feet Feet Feet
Green sandstone, stained brown containing Leperditia
17117 U U . 2.4 9.0
Red, arenaceous shale...... ........cooiiiiiiins .. 3.0 6.6
Massive red sandstone............covieeeenianaceans .. 3.6 3.6
Thickness of Bloomsburg member described. ... 9.0
McKENZIE FORMATION
Traverse N. 33° W.
Approximate altitude of beginning of section 1080 feet
A. T. on topographic map.
Thick-bedded arenaceous shale, N. 73° E. 70° E....... 16.0 4.5 300.4
Fissile, green, somewhat arenaceous shale, its lower
portion more compact, N.SO°E.T°E.......c...... 47.0 7.8 295.9
Conecealed ......veveiiiiriii it 129.0 19.0 288.1
Fissile green shale, partly concealed. N. 80° E. 6° E.. 1422 2.7 291.1

Fissile gray shale, N, 55° E. 6° E. At top occurs a thin
bed of dark-blue limestone containing Camarotachia
andrewsi. Homaspira cvax var. marylandica.. Klo-
denella nitida, Dizygopleura halli. D. intermedia, D.
perrugosa. Beyriehia moodyi........oooivneneiens 108.2 10.1 2664
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Horizontal
distance

o from begin- Thickness
Traverse N. 86° W, DB TIboTY e e
Altitude of turn 1058 A, T. tom of beds Beds Total
Feet Feet Feet

Concealed. Some fissile gray shale, N. 67° E. 10° E.. 242.2 11.0  256.3
Fissile shale, N, 20° E. 10° E. At top occurs a blue
fossiliferous limestone 8 inches thick containing
numerous Camarotechia andrewsi. . .. 258.2 : 245.3
Fissile gray shale, N. 57° E. ¢° E. and N. 35° E. 10° E,
At top occurs a thin bed of limestone containing
Kledenella nitide, Dizygopleura halli, D, intermedia,
D. perrugosa, Beyrichia moodyi 265.2
Gray fissile shale, N. 30° E. 10° E. At top occurs a
thin limestone containing.Pterinea flintstonensis. . . 270.7
Fissile shale. At top is a thin band of limestone con-
taining Homwospira evax var. marylandica 272.2
Fissile shale. At top occurs a limestone 7 inches thick
containing Camarotechia andrewsi and Pterinea
flintstonensis. At 277 feet horizontally occurs
Homaespira evaxr var. marylandica abundant and
Pterinea flintstonensis
Fissile shale. In a thin band of limestone at top oc-
curs Pterinea flintstonensis and numerous ostracods. 282.2
Fissile shale. A thin band of fossiliferous limestone

Fissile shale. At the top in a band of limestone 4
inches thick occurs Camarotechia andrewsi in great
abundance boo

Fissile shale. At the top occurs a fossiliferous lime-
stone 4 inches thick containing Camarot@chia ah-
drewsi abundant and Clidophorus nitidus

Traverse N, 55° W, Altitude of turn 1039 A,

Fissile shale. At the top is blue limestone in courses

6 inches thick, interbedded with shale, containing

Orbiculoidea clarki, Camarotwchia andrewsi, Pteri-

nea flintstonensis common, ostracods 354.8
Fissile shale, N. 55° H. 10° E. At the top a thin bed

of limestone contains Homaospira evax var. mary-

landica, Pterinea flintstonensis, Dizygopleura halli.. 378.3
Fissile shale. A bed of limestone 5 inches thick at top.

N.55° E. 14° E 5 391.0
Fissile shale. Thin limestone at top. N. 65° E. 11° E. 400.8
Fissile shale. A bed of l1imestone 6 inches thick at top.

NEAGREE. 19° Bl ... . it ettt s ® L 406.8
Strata repeated by a minor fold between 406.8 and 420.9 420.9
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Horizontal

distance
Traverse N. 39° W, from begin-
Altitude of turn 1027 A, T, ing to bot-

Feet
Fissile gray shale, At the top are beds of brown and

blue limestone, N. 25° E, 30° E. and N. 35° E. 30° E. 439.1
Fissile shale, N. 55° E. 12° E. and N. 45° E, 14° E, A
band of limestone 5 inches thick at top contains

Clidophorus nitidus, Orthoceras sp., ostracods...... 457.9
Fissile shale. A bed of limestone 10 inches thick at
top contains Orbiculoidea clarki rather numerous,
Rhipidomella hybrida, Homwospira evaxr var. mary-

landica very numerous and large.................. 478.9
Fissile shale. A thin band of limestone at top contains
Rhipidomelle hybrida, Camarotechia andrewsi,
Homaeospira evax var. marylandica. At 483.4 occur

numerous ostracods ................ i B e 483.4

Fissile shale. At top is a thin bed of limestone. ...... 497.9
Interbedded blue limestone and fissile shale. At the
top a thin bed of limestone contains Camarotachia
andrewsi abundant, cf. Pterinea flintstoncnsis. At
508.7 and 517 feet horizontally Homaospira evax

var. marylandice occurs in great numbers.......... 582.3
Concealed in part. This interval consists of shale with
a few thin interstratified beds of limestone. A
single course of limestone 5 inches thick occurs at
636.8 horizontally, 15.7 feet below top of unit, con-
taining Dalmanella elegantula. N. 55° E. 14° E,

At two other points the rocks dip 6° E. and 8° E... 639.3

Traverse N, 33° W. Altitude of turn 998 A. T.

Largely concealed. In part interbedded shale and
limestone N. 55° E, 10° E. N. 55° E. 14 ° E. N. 35° E.
3° E. At 393 feet horizontally, 9 feet below top of
unit, occurs a bed of limestone containing numerous
unidentified pelecypods ..........ccoviiiininn.n..

The underlying beds are much folded, their thickness
being measured directly.

Thin-bedded limestone and some interbedded drab
shale. The limestone beds vary from 1 to 6 inches
in thickness. The bottom of this unit is termi-
nated apparently by a thrust fault. In this unit oc-
cur Homeospira evaxr var. marylandice, Pterinea
flintstonensis common,” Hormatoma hopkinsi com-
mon, ostracods ...

772.3

s
Thiekness
Beds Total
Feet Fect
10.8 195.8
6.2 185.0
6.7 1788
1.50 132.1
5.61 130.6
30.8 125.6
221 1348
28.5 112.7
45 7842
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Horizontal
distance
from begin- Thickness
ning to bot- — ay
tom of beds Beds Total
Feet Feet Feet
Thrust fault, displacement slight. The underlying
beds may be repeated but the section is described
as though no repetition occurred 794
Crystalline limestone. This bed contains Camaroto-
chia andrewsi, Homwospira evax var. marylandica,
Pterinea flintstonensis, Hormatoma sp. in great pro-
fusion, and ostracods. A foot above the bottom of
this unit is a bed of limestone 7 to 9 inches thick,
the upper surface of which is covered with num-
erous imperfectly preserved bryozoa. The Horma-
toma zone
Beds between 806.5 and 854 are repeated by folding.
At 854 occurs the 7-inch bed seen at 805 feet
Center of anticline
Center of anticline formed by crystalline limestone
of Hormatoma zone
Sharp turn of road to left in descending hill
Point of intersection of lines passing through center
of road above and below turn
Interbedded limestone and shale. Near the top of this
unit occur Honuwrospira evaxr var. marylandica,
Whitfieldella sp. small, Pterinea flintstonensis
Interbedded shale and limestone. The lower 2 feet of
this unit consists largely of shale. 6.2 feet above
base of unit occur Pterinea flintstonensis; 4.4 feet
above base occur Homaospira evaxr var. mary-
landiea, Hormatoma hopkinsi
Concealed. This interval extends from center of the
anticline seen at 88 feet horizontally to the center
of the anticline exposed on the lower turn of the

The remainder of the section is exposed on the lower
turn of the road.

Argillaceous limestone containing near base Homao-
spira evaxr var. marylandica and ostracods.. .

Fissile drab shale with some interstratified thin beds
of impure argillaceous and arenaceous limestone
containing Whitfieldella cf. marylandica, Horma-
toma sp., ostracoda. .

Interbedded argillaceous limestone and fissile shale.
Three feet above base of unit occur Homwospira
evar var. marylandiea,, Hormatoma sp., ostracoda.
At the base occur Lingula sp., Clidophorus nitidus,
ostracoda




MARYLAND GEOLOGICAL SURVEY. SILURIAN, PLATE V.

F16. 1.—VIEW OF BALTIMORE AND OHIO RAILROAD CUT AT PINTO SHOWING McKENZIE, WILLS
CREEK, AND TONOLOWAY FORMATIONS.

F16. 2.—DETAIL OF TONOLOWAY IN CUT SHOWN IN FIG. I.
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llorizontal
distance
from begin- Thickness
ning to bot- ——
tom of beds Beds Total
Feet Feet Feet
Hard, biue limestone penetrated by calcite veins, con-
taining cf. Orbiculoidea clarki, Homwospira evax
var. marylandica, ostracoda
Interbedded shale and argillaceous limestone contain-
ing Camarotwchia andrewsi, ostracoda

Concealed

Approximate thickness of McKenzie formation
exposed

B. Section of Lower McKenzie and Rochester Formations
This section is to be seen a little less than half a mile south of the
National Road upon the second county road west of the Six-Mile House,
leading south. Tt embraces the lower beds of the McKenzie formation and

the entire Rochester formation.

Thickness

i —

PRy 222,
Befls Tofal

McKENZIE FORMATION

. . 'Feet Inches Feet Inches
Fine-grained, dark limestone with an occasional dark )

shale parting. Many Reticularia cf. bicostata near

base 15 11
Dark-biue limestone . 10 11
Mostiy oiive to dark shale, beds of iimestone at top

and 1 foot above bottom. Lower limestone contains

Dalmanella elegantula, Reticularia bicostata and

Euklirdenclla longula
Dark olive argillaceous shaie, some dark-blue impure

iimestone, much covered
Thick-bedded {impure {iimestone, fine texture, some

rusty spots and calcite veins

Totai thickness of McKenzie formation exposed.

ROCHESTER FORMATION

Thin-bedded dark, fine-grained impure limestone and
thin-bedded shale, containing Drepanellina clarki,
Dizygopleura proutyi, D. symmetrica, A2chmina ab-
normis, A. spinosa, A. postica, Beyrichia veronica...

Limestone containing Whitfieldella marylandica......

Shaie

Dark-gray iimestone with white veins aimost made up
of Whitfieldella marylandica

6
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Thickness
-

Beds Total
Feet lnche_; Feet Inche_!:

Drab shale. At its base a band of impure gray lime-

stone contains Pholidops squamiformis, Schucher-

tella elegans, Tentaculites cf. niagarensis, Drepanel-

lina clarki, Dizygopleura symmetrica, D. proutyi,

Aichmina abnormalis, A. spinosa, Beyrichia veronica 2 4 51 9
Drab shale. A bed of sandstone 8 inches thick at its

base, contains Stropheodonta corrugata, Dalmanella

elegantula, Camarotawchia mneglecta, Homalonotus

delphinocephalus, many crinoid rings. The fossils

are Poorly preserved.........v.eeeeeenenennnenn.. . 6 2 49 5
Drab shale. A thin band of sandstone at its base..... 7 3 43 3
Drab to olive shale carrying Stropheodonta corrugata

throughout. Camarotechia neglecta and Uncinulus

Stricklandi occur 5 feet 6 inches above base or unit.

Dizygopleura symmetrica and Achmina spinosa 4

feet above base. Uncinulus stricklandi and Favo-

sites sp. 2 feet above base................ B T 13 6 36 0

Keefer Sandstone Member

Massive sandstone. Upper 18 inches ferruginous.
Many Camarot®chia neglecta are found 1 foot 6
inches to 7 feet below top of this sandstone......... 22 6 22

(=7

Total thickness of Rochester formation........ 56 11

C. Section of the Upper Part of the Rose Hill Formation
This section begins at the base of the Keefer sandstone, just baek of the
Six-Mile House, and continues up the road leading to the north from
immediately in front of the hotel. It terminates about 65 feet strati-

graphically below the Cresaptown iron sandstome. The measurements
in this portion of the section are approximate. The Keefer sandstone is

about 20 feet thick. Thickness
Rost HiLL FORMATION Beds  Total
Feet Feet.

Greenish to red shale with some sandstone and limestone beds.
Toward the top are more limestone and more fossils. This
unit contains Stropheodonta corrugata, Dalmanella elegantula,
Camarotechia neglecta, Reticularia cf. bicostata, Celospira
sulcata, Liocalymmene clintoni. Seven feet below top occur
Dizygopleura macra, Plethobolbina typicalis, Zygosella val-
lata, Z. cristata, Mastigobolbina typus, M. typus angulata..... . 50 550
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Thickness
A
Beds Total
Feét Feet
Olive, more or less rusty shale with sandstone bands which thick-
en and become more fossiliferous toward the top. Upper
portion of the unit contains Camarotachia neglecta, Tenta-
culites minutus, and crinoid stems. Thirty feet below top
oceur Zygosella vallata nodifera, Mastigobolbina nucula, M.
ultima. The Bonnemaia rudis zonc...... RLIPSN, .. RPN vee.. 184 50O
Dark-colored shale with thin sandstone layers and many indis-
tinct impressiongs of plants.......... .. oo iiiiiiiiiiiiiii i, 10 316
Hackly, arenaceous, greenish to brown shale containing Calospira
hemispherica ...... o o [ M o0 coggoMo 5 B i 6 306
Olive, rusty, argillaceous shale carrying C'wlosmra hemispherica
and Tentaculites MinUtUS. ... v ei ittt e eearertosssaeracane 43 300
Concealed ........cceoiieeeeennnannaanns PF P R PR 27 257

Dark-eolored shale with sandstone in thin layers. ThlS unit

bears numerous faint plant impressions, Stropheodonta sp.,

Camarotacchia neglecta, Calymmene cresapensis........ ceee.. 18 230
Rusty, olive, argillaceous shale with sandstone layers containing

crinoid stems, Dalmanella cf. elegatula, Ceelospira hemispherica,

C. sulcata, Calymmene sp., Mastigobolbina lata................ 23 212
Red ferruginous sandstone (“iron ore”) in two bands separated

by shale parting, carrying in this immediate locality from 6

inches to 8 feet in thickness. The Cresaptown iron sandstone.

Average thickness ..........ccocenvennn A R P, 4 189
Olive, and often rusty argillaceous shales with few fossils bearing
Camarotwechia neglecta, Calospira hemispherica............ .. 65 185
Concealed to base of formation. Estimated to be about....... . 1200 120
Approximate thickness of Rose Hill formation............ 550

C. Sections in Tussey Mountain Anticline
) VII. Scction at Flintstone

An exeellent partial seetion of the McKenzie and Rochester forma-
tions and of the upper beds of the Rose Hill formation is exposed on
Flintstone Creek, northwest of the village of Flintstone.

About 150 feet of the upper part of the McKenzie formation may be
seen on the east bank of the creek, nearly 4 mile in an air line north of the
village. The middle beds of the McKenzie are largely concealed along
the stream above this point though here and there they may be seen, but
not with sufficient continuity to permit the construction of a section. The
Rochester formation and the upper heds of the Rose Hill formation are
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exposed near the mouth of a small braneh which enters Flintstone Creek
from the northeast 3500 feet, in an air line, northwest of the bridge at
Flintstone. The lower strata are observed in the bed of the branch and
on the east bank of the ravine, a short distance above its mouth.

The Rochester fauna occurs in profusion in the shale beds overlying the
Keefer sandstone. Dalmanites Itmulurus is not confined, however, to
these beds as in the Cumberland seetion, but is found also in the Keefer
sandstone and a variety occurs in the immediately underlying beds. The
upper shale beds of the Rochester formation are thinner than at Cum-
berland, while the Keefer sandstone is thicker. This locality, hence,
clearly manifests conditions which are intermediate between those observed
at Hancock and those seen at Cumberland, corresponding in this respect
with its geographic position.

The Uncinulus obtusiplicatus zone of the Upper McKenzie oeeupies a
position similar to that at which it oceurs at Grasshopper Run and also
contains fossils of Niagaran type as it does at the latter locality.

The section begins at the cliff formed by the Bloomsburg red sandstone
on the east bank of Flintstone Creek, 2000 feet in an air line north of the
village, and extends thence along the creek for a distance of § mile, ending

a short distanee beneath the Keefer sandstone.

Thick
WiLLs CREEK FORMATION B

—_—

i
Beds Total
A A

Bloomsburg Member - ~ - ~
Feet Inches Feet Inches

Reddish-brown, fossiliferous sandstone 0 15 0
Reddish-brown, arenaceous shale 11 0

McKEXzIE FORMATION

Olive to dark-gray platy shales, lower 7 feet inter-
stratified with thin limestone and sandstone layers,
carrying Butrotrephis gracilis var. intermedia, Lin-
OUIE SD. .t i ittt nnetennessasncssacsnnsnas 13

Massive dark, bluish-gray limestone with Pterinca
flintstonensis poorly preserved, Dizygoplcura acumi-
nata, D. acuminata prolapsa, D. swartzi. Homao-
spira sp. is abundant toward bottom

Drab shale mostly concealed
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Interbedded drab shale and very fossiliferous dark-
gray limestone containing Pholidops sp., Dalmanella
elegantula, Camarotechia andrewsi, Uncinulus ob-
tusiplicatus, Spirifer mackenzicus, Trematospira
camura, Cuneamya ulrichi, Calymene niagarensis
var. restrictus, Tcntaculites sp., crinoid stems,
Dizygoplcura acuminata, D. swartzi, and bryozoa.
This horizon corresponds to that found 35 feet below
the red layers of the Bloomsburg at Grasshopper

Gray shale

Interbedded dark shale and dark limestone, more shale
than limestone, containing numerous Camarotwchia
andrewsi

Mostly dark-gray shale. Some thin impure limestone
containing Camarotwchia andrewsi abundant

Calcareous sandstone containing few fossils, including
Camarotachia andrewsi, Homa@ospira evax var.
marylandica, Pterinea flintstonensis, Tentaculites
niagarensis var. cumberlandic

Mostly shale, some thin impure limestone

Dark-colored limestone with thin shale parting. Cama-
rotechia andrewsi in great abundance

Drab shale

Interbedded dark-gray shale and thin-bedded dark-blue
limestone. Limestone layers toward center carrying
many Camarotechia andrewsi

Impure dark limestone with Homwospira evaxr var.
marylandica, Achmina inequalis, Kyammoidcs tri-
cornis, Beyrichia mesleri, Eukladenella dorsata, E.
sinuata, E. sinuata angulata, E. sinuata proclivis,
Klwedenella gibberosa, K. subovata, Dizygopleura
gibba, D. punctata, D. bulbifrons, Bythocypris phil-
lipsiana

Shale. Butrotrephis gracilis var. intermedia

Sandstone, somewhat argillaceous and weathering yel-
low

Arenaceous shale above at base a band of limestone
6 inches thick

Limestone weathering buff

Hackly shale ..

Dark-gray shale below, with 8 inches of black impure
limestone at top containing Lingula subtruncata and
many ostracods of the genera Kladenella, Eukleden-
ella, Dizygopleura

Thickness
———H—
Beds Total

! ™
Feet Inches Feet Inches
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Shale ...ttt
Dark impure limestone .................ccooueu.....
Darkgray shale ..............cuiiiiuunrunnnnnnnn.
Dark, impure limestone with shale parting...........
Interbedded gray shale and impure dark limestone

about equal in amount ........................

Concealed in large part. Lower beds dark limestone.
About 30 feet above the base occur many Euklec-
denella indivisa, E. umbonata, E. umbilicata, E.
primitoides, K. primitoides minor, Kledenella
scapha, K. transitans, Dizygopleura subdivisa, D.
micula, D. pinguis, D. concentrica subquadrata.
About ... R B

Approximate thickness of McKenzie formation
eXPOoSed ...

Thickness
R
Beds Total
— — S —
Feet lInches Feet Inches
0 6 184 10
1 0 184 4
8 0 183 4
2 10 175 4
1 6 172 6
21 0 171 0
150 0 150 0
296 0

The ostracods of the McKenzie of this section are practically the same

throughout every fossiliferous bed, comprising Klwdenella nitida, Dizygo-

pleura halli, D. intermedia, D. perrugosa, Beyrichia moodyi.

ROCHESTER FoRMATION

Dark-blue limestone containing numerous Whitfieldella
MaArylandica .........ceviiiiiirinnnenn.. . -
Dark-gray shale. At its base is a band of crystalline,
gray, fossiliferous limestone containing Stropheo-
donta corrugata, Leptwna rhomboidalis, Schucher-
tella tenuis, Dalmanella elegantula, Camarotachia
neglecta, Atrypa reticularis, Diaphorostoma niagar-
ense, Calymene niagarensis, Homalonotus delphino-
cephalus, H. lobatus, Dalmanites limulurus........
Gray shale. At its base is a band of crystalline, gray
limestone, very fossiliferous containing Stropheo-
donta corrugata, Leptwna rhomboidalis, Camaro-
ticchia neglecta, Atrypa reticularis, Diaphorastoma
niagarense, Dalmanites imulurus. .................
Drab shale. At its base is a band of arenaceous lime-
stone, very fossiliferous, carrying Stropheodonta
corrugata, Dalmanella elegantula, Camarotachia
neglecta, Uncinulus stricklandi, Homalonotus delphi-
nocephalus, H. lobatus, Dalmanites limulurus. ......
Arenaceous shale containing Stropheodonta corrugata
and Uncinulus stricklandi in great abundance

—
Beds

Thickness

Total

—H——
Feet TInches Feet Inches

0

6

37

37

19

17

10
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Thickness

I—_"A_-—\
T
Keefer Sandstone Membcr Bods ofal

-
. Feet Inches Feet Inches
Heavy-bedded, gray sandstone with a few calcareous

layers near bottom. The lower 5 feet of this sand-
stone contain Stropheodonta corrugata, S. convezxa,
Leptana rhomboidalis, Dalmanella elegantula, Cama-
rotwchia ncglecta, Atrypa reticularis, Spirifer niagar-
ensis, Spirifer crispus ?, Cxlospira sulcata, Horma-
toma sp., Diaphorastoma niagarense, Platyccras sp.,
Colcolus sp., Calymenc niagarensis, Dalmanites limu-
lurus. The upper 5 feet contain Cystid sp., Stropheo-
donta corrugata, Uncinulus stricklandi, Spirifer
eudora

Total thickness of Rochester formation described

Rose HiLL ForMATION

Light-gray crystalline limestone and interbedded shale
carrying Stropheodonta corrugata, S. convexa, Lep-
taena rhomboidalis, Camarotechia neglecta, Atrypa
rcticularis, Caelospira sulcata, Dalmanites limulurus.

Light crystalline limestone carrying Leptena rhom-
boidalis, Chonetes mnovascoticus, Spirifer radiatus,
Cewlospira sulcata, Liocalymcene clintoni

Drab to olive shale with thin limestone bands near
bottom carrying Chonctcs novascoticus, Dalmanella
elegantula, Camarotaechia mneglecta, Liocalymene
clintoni, and many crinoid stems

Reddish-colored, thin-bedded shale with two calcareous
sandstone bands 3 and 7 feet respectively above the
bottom with sandstone layvers bearing Chonetcs
novascoticus, Colospira sulcata, and Tentaculites sp. 23 23

Thickness of Rose Hill formation described.... 40

The occurrence of Dalmanites limulurus in the upper beds of the Rose
Hill formation is notable.!

]

D. Sections in Cacapon Mountain Anticline

VIII. Section East of Great Cacapon, West Virginia

A good section of the Rochester formation and of portions of the over-
lying McKenzie and underlying Rose Hill formations is exposed on the

! See foot-note, page 200.
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Baltimore and Ohio Railroad 1} miles east of Great Capapon. The beds
are folded into a sharp syncline, the Keefer sandstone being finely exposed
in its western limb." The strata beneath the Keefer sandstone are unusu-
ally arenaceous at this locality and could fittingly be combined with the
Keefer but contain the fauna of the upper Rose Hill of Cumberland. A
very interesting feature of this section is the occurrence of Dalmanites
limulurus 23 feet beneath the base of the Keefer sandstone, a feature
which led Ulrich and Stose to refer these bheds to the Rochester formation
in their discussion of the area embraced in the Pawpaw-Hancock Folio of
the U. S. Geological Survey. The section resembles, in this respeet, that
scen at Flintstone.

Thickness
Beds Totai
MCKENZIE FOR3MATION — — ——
Feet lnches FKeet- Inches
Interbedded, dark-blue limestone and shale........... 20 i}

Concealed. Thickness of this interval is unknown. ...
Dark-gray, rather fissile shale and interbedded, impure,

lenticular, light-weathering limestone, more shale

than limestone ........... ... .. . i iiiiniiiiniinnnn. 11 0 48 9
Drab, fissile shale, breaking into large thin plates,

intersected by joints, an occasional thin bed of

impure limestone ................ P . 6 2 37 9
Dark-colored limestone, conglomerate at top.......... 0 9 31 7
Fissile, drab shale, a few thin impure limestone lenses :

near middle ....... B 5.0 I 2 3 30 10

Limestone conglomerate, pebbles flat % to 2 inches thin
dimension, usually parallel to bedding, weathered
surfaces gray. Many ostracoda.................... 0

Interbedded fissile gray shale and thin-bedded blue
limestone ........... .. ittt 28 0 28

28 il

-3

(=

Thickness of McKenzie formation described. . .. 48

w

ROCHESTER FORMATION

Bluish-gray limestone, highly fossiliferous with many
calcite veins. The limestone weathers to a slightly
greenish tone. This unit contains Pholidops squami-
formis, Stropheodonta corrugata, Reticularia bico-
stata, Trematospira camura, Nucula sp., Dalmanites
limulurus, Kledenia cacaponensis................. 0 8 22 5

_‘This s-gc_ti(;i was described— by G. W.- Stose, I}. 'S. GZol. Survey,—l?awpaw_-
Hancock Folio, No. 179, 1912, p. 4.
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Interbedded gray shale and bluish limestone. Seven-
teen inches above Keefer sandstone occur Dizygo-
pleura lacunosa, D. intermedia antecedens, D. inter-
media cornuta :

Grayish-blue limestone with calcite veins, highly fos-
siliferous bearing Pholidops squamiformis, Stropheo-
donta eorrugata, Dalmanclla elegantula, Rhipido-
mella cf. hybrida, Camarotachia neglecta, Whitfield-
ella marylandica, Nucula sp., Tentaculites sp., En-
erinus ornatus, Dalmanites limulurus, Achmina
spinosa, Calymmene niagarensis .

Arenaceous shale

Keefer Sandstonc Member

Massive sandstone above with interbedded shale and
limestone below comprising the following beds:

Massive gray sandstone with pitted surfaces contain-
ing, a little distance below its center, Stropheodonta
corrugata, Dalmanella elegantula, Rhipidomella cf.
hybrida, Camarotachia neglecta, Spirifer sp., Pteri-
nea cf. emaeerata, Homalonotus delphinocephalus. ..

Shaly sandstone ...

Massive gray sandstone with pitted surfaces and Seo-
lithus keeferi

Thickness of the Rochester formation

Rosk HiLL FORMATION

Alternating thin beds of sandstone and dark-gray shale.

Thin alternating lamine of sandstone and drab shale.
A few thicker sandstone bands also occur. The
shales are penetrated by openings 14 inch in diameter
filled with sand. These resemble worm borings. A
fault occurs here i

Interbedded sandstone and shale

Drab shale

Interbedded, bluish-gray limestone and shale. The
limestone has inclusions of thin films of shale and is
highly fossiliferous but fossils cannot be easily gotten
out or determined. Cwlospira sulcata observed

Drab shale, occasional thin sandstone bed near top
containing Chonetes sp., Cwlospira sulcata

Bluish-gray limestone with some thin shale partings
containing Cexlospira sulcata

Thickness

e - =
Beds Total

e — -
Feet Inches Feet Inches
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Thickness

Beds Total
L_ A

rFeet Inches rFeet lnchTs
Sandstone bluish-gray ..................c..ovoo. ... 0 2 68 2

Bluish-gray sandstone, somewhat fossiliferous, passing

on strike into more fossiliferous limestone. This

unit contains Rhipidomella hybrida, Camarotechia

sp., Atrypa reticularis, Calospira sulcata, trilobite

fragments ...... S TYTTIreYr ...... ™. .. 0 6 68 0
Cross-bedded sandy shale and sandstone with a bed of

limestone 1 foot thick in middle, containing Bey-

richia postulata, B. distincta, B. proutyi, B. con-

SImAlS ... S Ak 0000 ok 2 6 67 6
Interbedded shale and crystalline gray fossiliferous

limestone bearing Cornulites cf. rosehillensis. At top

occur Mastigobolbina typus, M. arguta, M. rotunda,

M. trilobita, M. arctilimbata, Plethobolbina typicalis,

Beyrichia lakemontensis, Bonnemaia celsa, Dizy-

gopleura loculata, Stropheodonta corrugata, S. cf.

convera, Leplena rhomboidalis, Chonetcs sp., Dal-

manelle eleganitula, Rhipidomella cf. hybrida, Cama-

rotechia neglecta, Dalmanites limulurus, Diaphoros-

toma niagarense, Liocalymmene clintoni. .. ......... 4 6 65 0
Alternating, rather fissile olive to drab shale, thin

calcareous sandstone and limestone. Some of the

limestones are fossiliferous, Chonetes novascoticus

occurring 11, 14, and 16 feet below top. Nineteen

feet below top are many Dalmanella elegantula.

Zygosella vallata occurs 16 feet below top........ 36 6 60 6
Red ferruginous sandstone and interbedded shale

(“iron ore”) consisting of a massive ferruginous

sandstone 2 feet 8 inches thick above, and olive to

drab shale and thin ferruginous sandstone below... 10 0 24 0
Olive to drab, rather fissile shale with occasional

sandstone layers ..........
A fault occurs here of unknown throw, rendering the

stratigraphic position of the underlying rocks in-

secure.

Total thickness of the Rose Hill formation de-
scribed ... 88 0

The large amount of sandstone in the upper part of the Rose Hill at
this plaee is notable. Because of this fact Ulrich and Stose referred these
beds to the Keefer sandstone in their diseussion of this loeality in the
Pawpaw-Hancock folio of the U. S. Geologieal Survey and made the
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Keefer sandstone McKenzie. The ostracod studies, however, led Ulrich
and Bassler to consider these beds pre-Rochester which is in harmony with
the work of the authors who showed that the Rochester fanna lies above
the Kecfer sandstone at Great Cacapon.!

.

IX. Section East of Tonoloway

A section extending from the Bloomsburg red shale to the base of the
upper beds of the Rose Hill formation is seen on the Western Maryland
Railway about 13 miles east of Tonoloway. This locality is nearly opposite
the exposure east of Great Cacapon deseribed in the foregoing pages. This
section, like the last one described, affords an excellent exposure of the
Rochester formation.

‘WiLrLs CREEK FORMATION
Bloomsburg Member

Red sandstone and shales.

Thickness
A
Bed Total
McKENzIE FORMATION — P = el
Feet Inches FKeet Inchles
Greenish arenaceous shale.......................... 5 0 229 11
Drab shale and thin bands of dark limestone......... 11 0 224 11

Drab, calcareous shale containing numerous ostracods. 4 0 213 11
Dark shale and thin bands of dark limestone largely

CONECEAled . ..vvviii ittt s 71 0 209 11
Red arenaceous shale. The McKenzie Red Bed........ 5 0 132 11
Drab shale, arenaceous above with interbedded dark

impure limestone which weathers with pitted sur-

faces. Some beds of limestone are very fossiliferous,

containing numerous Camarotechia andrewsi 18 feet

above its base, Hormatoma sp. 13 to 14 feet above its

base, and many ostracods 7 feet above base......... 43 0 127 11
Dark, massive, calcareous shale with a band of dark

impure limestone 5 inches thick at its base contain--

ing HOTmatoOma SP. . oo vvieenranernoseeosseeeaeens 9 5 84 11
Interbedded thin beds of lenticular, dark-blue limestone

and drab shale containing numerous Hormatoma sp.

Near center is a bed of limestone conglomerate 6

inches thick ........ .. ittt iiiinnnnnn 5 6 75 6
Interbedded dark limestone and drab shale a little
thicker-bedded than the above........... e 8 0 70 0

Mostly concealed

.................................. 11 0 62 0

! Ulrich form_erly iEentiﬁed the _I)alela;ites in these i)eds as D. limulurus.
He is now inclined to consider it distinct from the latter species.
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Arenaceous drab shale..............coviivnennnnnn..
Blue limestone containing Hormatoma sp., ostracods. .
.Impure dark-blue limestone. .............ovvuurrnu...
Hackly drab shale................ B B 5
Dark impure sandy limestone.............o.oouu....

Interbedded drab shale and thin-bedded dark-blue lime-
stone. This unit bears Camarotachia andrewsi, Ho-
MEOSpira evaxr var. marylandica, Spirifer sp. large
form, Orthoceras sp., Beyrichia moodyi, 4 feet be-
neath the top the rocks are crowded with Eukleden-
ella indivisa, E. umbilicata, E. primitioides and
.many species of Dizygopleura, especially D. stosei. ..

Limestone conglomerate layer at top, underlain by in-
terbedded dark, impure limestone and drab shale
containing, at base, Beyrichia moodyi and species of
Dizygoplcura especially D. $t0SCT.......co.ooov. ...

Interbedded fissile drab shale and dark-blue, fine-
grained impure lenticular limestone. Seven feet
below top occur .Echmina bimuralis, Eukledenella
brevis, E. simplex, E. foveolata. E. bulbosa, E. similis.
E. sulcifrons. E. sinuata proclivis, E. longula, Klaw-
denella cacaponensis, K. scapha, Dizygopleura stosei,
D. falcifera, Bythocypris pergracilis...............

Approximate thickness of McKenzie formation. .

ROCHESTER FORMATION

Dark-colored, fine-grained, impure limestone above,
olive shale below, containing Buthotrephis sp., Spiri-
fer sp., Reticularia cf. bicostata, Trematospira cf.
eamura, Nueula sp......oveeiinnnne e

Fissile, olive shale. ............oviun i,

Dark, semicrystalline limestone in part a limestone

' conglomerate carrying Favosites sp., Spirifer sp.,
Reticularia cf. bicostata, Trematospira camura, Nu-
cula sp., Homalonotus delphinocephalus, Orthoccras
sp., Calymene sp., F2chminag spinosa................

Olive, argillaceous shale.............c0overunnn... P oC

Bluish-gray, very fossiliferous limestone containin
Cornulites sp., with marked longitudinal striations,
Spirifer sp., Reticularis bicostata. Trematospira
camura, Whitfieldella marylandica. Hormatoma sp.,

Thickness
- > A —
Beds Total
—— —— A
Feet Inches Feet Inches
1 6 51 0
0 6 49 6
1 6 49 0
1 6 47 6
1 0 46 0
11 0 45 0
6 6 34 0
28 0 28 0
229 11
0 4 26 7
0 3 26 3
0 8 2 0
0 4 25 4

' Ulrich and Bassler made this unit the base of the McKenzie formation.
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Thickness
S S =

Beds Total
Feet Inches Feet Inch_e;
Drepanellina clarki, Dizygopleura symmetrica, Aich-
ming abnormis 25 0
Bluish-gray crystalline limestone carrying Buthotrc- ’
phis sp., Pholidops squamiformis, Stropheodonta cor-
rugata, Schuchertella sp., Camarotachia neglecta.
Dalmanella elegantula, Reticularia bicostata, Trema-
tospira cf. camura, Clidophorus nitidus, Orthoceras
sp., Encrinus ornatus, Calymmene niagarensis, Dal-
manites limulurus, Echmina abnormis, Drepanellina
clarki
Olive to drab arenaceous shale bearing Drepanellina
clarki, Dizygoplcura symmetrice, A.chmina abnormis,
A. spinosa, Beyrichia veronica
Bluish-gray limestone containing Pholidops cf. squami-

formis, Stropheodonta corrugata, Schuchertella elc-
gans, Dalmanella elegantula, Camarotachia neglecta,
Atrypa reticularis, Whitfieldella marylandica, Clido-
phorus nitidus, Hormatoma sp., Coleolus sp., Tenta-
culites niagarensis var. cumbderlandicw, Cornularia
niagarensis, Dizygopleura symmetrica, Laccoprimitia
resseri, Aparchites alleghaniensis, Drapanellina
clarki, [Jchmina abnormis, A. spinosa, Beyrichia
veronica

Olive to drab shale and very thin sandstone lenses
carrying Pholidops squamiformis, Stropheodonta
corrugata, Dalmanella elegantula, Camarotechia
ncglecta, Clidophorus nitidus, Tentaculites cf. niagar-
ensis, Calymene cf. niagarensis, Homalonotus del-
phinocephalus, Dalmanites limulurus, Drepanellina
clarki, D. simplex, Dizygopleura symmetrica, Aich-
mina spinosa, A. abnormis, A. postica, Beyrichia
veronica

Friable red sandstone, calcareous before weathering.
This may represent the Roberts iron ore of the
western sections

Keefer Sandstone Member

Massive sandstone, calcareous at some places. A band
of shale occurs 2 feet below top. About 7 feet above
base occur Pholidops squamiformis, Reticularia bico-
stata, Trematospire camure, Nucula sp., Drepanellina
clarki, Dizygopleura symmctrica, A’chmina ab-
normis, A. spinosa

Total thickness of Rochester formation
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Thickness
f_'_"'k-“ ~
Beds Total
Rose HiLL ForiATioN A ——
Feet 1Inches Feet Inches
Interbedded shale and sandstone.................... 18 0 18 0
Concealed.
Total thickness of Rose Hill formation exposed. 18 0

X. Section at Sir Johns Run

The best cxposure of the Rose Hill formation in the vieinity of Han-
cock is seen one-half to three-fourths of a mile west of Sir Johns Station,
on the Baltimore and Ohio Railroad. The Tuscarora formation is well
exposed west of the station. A cut extends westward almost a quarter of
a mile from the Tusearora-Rose Hill contact, terminating at the Keefer
sandstone member of the Rochester formation. This section is of special
interest because it shows that the Rose Hill formation contains a larger
number of ferruginous sandstones (“iron ores ) in this area than in the
western section.

The strata are folded and faulted so that the total computed thicknesses
are not altogether reliable.”

RQCHESTER FORMATION
Keefer Sandstone Member
Massive sandstone,

RoskE HiLL FORMATION Horizontal

dits)tance to Thicknﬁ

ottom i

Traverse N. 56° E. of beds  Beds Total
Feet Feet Feet

Shale with some beds of calcareous sandstone. N, 30°
E. 67° W. It is possible that a fault occurs in this
unit. Fifteen feet below the top occur Celospira

sulcata, Dalmanella elegantula......... R 150.0 61.0 4377
Ferruginous sandstone varying somewhat in thickness. ’

N.16% E. 65° E...coviiiniinernennnnnnnss ceeee... 1520 1.2 376.7
Olive to drab shale with thin bands of sandstone. Pos-

sible faulting .......... it iiiniininennn. 437.0 123.5 3755
Ferruginous sandstone ....... B 441.0 15 2520

! The horizontal traverse begins at the base of the Keefer sandstone and
extends eastward. The measurements were made by tape along the line of
telegraph poles.
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Horizontal
distance to Thickness
bottom
of beds Beds Total
Feet Feet Feet

Section repeated by minor folding. The ferruginous
sandstone bed at 441 feet is seen in the axis of a
minor syncline at 575 feet*............... [ 575.0
Olive to drab shale and some thin bands of sandstone.
About 40 feet below the top of this unit occur Tenta-
culites minutus, Liocalymene clintoni, Calymene
CTESAPENSTS « ottt ittt i nnesoneennnnnonneeennenns 806.0 76.0  250.5

Traverse N. 54° E.

Olive to drab shale and thin sandstone beds. N. 30.9°¢
E. 52° W.. . i i, 900000 4o 5 o o 967.0 51.0 1745

Traverse N. 51° E.

Olive to drab shale and thin beds of sandstone. N. 28°
8 L R e PR 1081.5 31.0 123.5
Ferruginous sandstone .............. 00 60 om0 o At 1087.5 2.5 915

Traverse N, 51.5° E,
Olive to drab shale, thin beds of sandstone, N. 28°

E. 46°W, ............... L OO0 0 A o p— 1235.0 42.0 89.0
Olive to drab shale and thin beds of sandstone. N.

36.4° E. 48.6° W, ..ttt i, .1508.0 47.0 47.0

Approximate thickness of Rose Hill formation. 437.7

TUSCARORA FORMATION
Massive sandstone.
XI. Section at Grasshopper Run

A section exposing the upper strata of the McKenzie formation and the
Keefer sandstone member of the Rochester formation is seen on the Bal-
timore and Ohio Railroad near the mouth of Grasshopper Run, 2 miles
southwest of Hancock. The upper beds of the MeKenzie are finely exposed
on the hillside a short distance south of the railroad track, beneath the
heavy outeropping ledges of the Bloomsburg red sandstone, which forms
the top of a small knob east of the run. The Keefer sandstone member of

* Strike and dip are as follows: 441 to 538 feet horizontally, N. 30° E. 70° W.;
538 to 670 feet horizontally N. 29° E. 54° W.; 670 to 806 feet horizontally
N. 32° E. 59° W,
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the Rochester formation and the immediatcly underlying heds are well
exposed south of the railroad track on the west side of the ravine.

This locality affords an excellent collecting ground for the fossils found

in the strata between the Bloomsburg and McKenzie red beds.

WiLrs CrREEK FORMATION

Bloomsburg Member
Red sandstone and shale. "

Thickness

McKENZIE FORMATION Beds Total
. A Feet Feet
Argillaceous greenish-gray sandstone and some interbedded green-

ish-gray shale ... 4 244

Drab to olive fissile shale with numerous thin beds of dark to
bluish-gray crystalline limestone and calcareous sandstone.
Fossils occur in great profusion in the limestone beds at the
following distances in feet above the base of this unit: Ortho-
ceras sp., 19; Lingula sp., Clidophorus nitidus, Orthoceras sp.,
ostracods, 73; Lingula sp., Orthoceras sp., ostracods, 71; ostra-
cods, 62; Homaospira evax var. marylandica, Orthoceras sp., 56;
Dalmanella cf. elegantula, Leptaena rhomboidalis, Camarotechia
andrewsi, cf. Homwospira evax var. marylandica, 54; Dalma-
nella elegantula, Camarotwechia andrewsi, Uncinulus obtusipli-
catus, Spirifer mackenzicus, Orthoceras sp., Calymene niagaren-
sis var. restrictus. Cordyocephalus ptyonurus, 52; Spirifer
mackenzicus abundant, 47-48; Lingula sp., 39, 33; Pterinea
flintstonensis, Schuchertella sp., Beyrichia moodyi, 21; Camaro-
taechia andrcwsi, 50-46, 39, 33, 26, 14, 10

Red, sandy shale. McKenzie red beds

Olive, very fissile shale, becoming mottled on weathering. Dark,
impure limestone at base................... R R S

Concealed in large part. Shale and limestone bands

Concealed in valley

Approximate thickness of McKenzie formation

ROCHESTER FORMATION
Concealed.
Keefer Sandstone Member

Massive sandstone, its base marked by a distinct unconformity..

Thickness of Keefer sandstone member




MARYLAND GEOLOGICAL SURVEY. SILURIAN, PLATE VI.

Fig, T—VIrwW SHOWING THE TUNIATA AT EAST END OF THE NARROWS,

FIc. 2—VIEW SIIOWING THE TONOLOWAY ON THE BALTIMORE AND OHIO RAILROAD
EAST OF PINTO.
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Thickness
e A B Ty i
Beds Total
Rose HiILL FoRMATION « A

i‘eet lnc—h?s rFeet lnch;;
Hard, dark shale ........c.ciiuiiiiiiinnnnnnnnnns opord i} 36 4
Massive sandstone 6 31 4
Interbedded shale and sandstone 0 23 10
Fissile, olive to drab shale 6 20 10
Calcareous sandstone containing Dalmanella elegan-

tula, Celospira suleata, ostracods
Drab shale with thin bands of limestone. A thin band

of sandstone 3 feet below top. This unit contains

Spirifer eudora, Calospira suleata abundant, ostra-

Concealed.

Total thickness of Rose Hill formation de-
scribed

E. Sections in Keefer Mountain Anticline
XII, Section West of Keefer Mountain
This section is exposed in the bed and on the north bank of a small
run which rises in a ravine between Dickeys and Keefer mountains and
flows due west, entering Licking Creek at a point 1 mile in an air line
north of the Pennsylvania-Maryland state line. The section begins
approximately 1800 feet east of the mouth of the stream aud extends
toward the east. The locality is situated in Franklin County, Pennsyl-

vania, ahout 6 miles northeast of Hancock.

WiLLs CREEK FORMATION Thickness

Beds Total
eds ota
Bloomsburg Member Feet  Feet

Red sandstone and shale. Thiekness about 78 78

.

McKENZIE FORMATION

Concealed, probably shale

Red, sandy shale

Concealed, probably largely shale

Red, sandy shale. McKenzie red beds

Mostly concealed, occasional exposure of drab shale

Total thickness of the McKenzie formation
T
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ROCHESTER FORMATION Thickncss
F o -\
Kecfer Sandstone Member ?g’gf et
Massive sandstone. This sandstone is finely exhibited on the
crest of the knob through which the Franklin-Fulton county
boundary line passes and which lies north of the run 25

Total thickness of the Rochester formation exposed.....

RostE HiLL FORMATION

Largely concealed. Portions of this unit exposed nearby show it
to consist chiefly of shale with thin interbedded sandstones and
arenaceous limestones. From 5 to 20 feet below the Keefer
sandstone occur Chonetes novascoticus, Camarotechia neglecta,
Celospira hemispherice, Tentaculites minutus, Liocalymmcne
clintont, Dizygopleura symmetrica

Red ferruginous sandstone.

Largely concealed. This unit probably conslsts chiefly of shale
with thin interbedded beds of sandstone. The following fossils
were collected from the lower part of the unit on the east slope
of the hill mentioned above: Chonetes novascoticus, Camaro-
teechia neglecta large form, Tentaculites minutus, Liocalym-
mene clintoni, Calymene cresapensis abundant.

Olive shale with a few thin bands of sandstone

Concealed.

Total thickness of Rose Hill formation exposed

F. Sections in Fairview Mountain Anticline

The Fairview Mountain anticline is attended by several subordinate
anticlines in Maryland. Two of these, the Cross Mountain and the
Hearthstone Mountain anticlines, are west of Fairview Mountain, while
the Powell-Johnson Mountain anticline lies east. The first of the follow-
ing sections is in the Cross Mountain anticline, the sccond in the Fair-
view Mountain anticline, and the third in the Powell-Johnson Mountain
anticline.

XIII. Section on Rabblc Run?

WiLLs CREEK FORMATION

Bloomsburg Member
Red shale and sandstone seen on road east of bridge.

* This section was measured with tape by C. K. Swartz assisted by G. Taylor.
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Horizontal
distance
from begin-
ning of Thickness
traverse to Fm—m——A———
MCKENZIE FORMATION base of beds Beds Total
Feet Feet Feet
The section is measured along the county road, the
traverse beginning 450 feet east of the center of
brldge. Strike and dip in this part of the section
N. 54° E. 24° E,, average of three observations...... ) . ..

Traverse due west

Fisslle shale. A bed of fossiliferous, crystalllne, blue

limestone at base, contains Camarotechia andrcwsi

abundant, and Orthoceras mackenzicus............ 97.0 31.0 265.1
Fissile shale, a bed of crystalline blue limestone at

base contains Camarotachia andrewsi, Klwdcnella

nitida, Dizygopleura halli, D. intermedia, D. per-

rugosa and Beyrichia moodyi...............c.u.... 115.0 55 2341
Fissile shale. A band of blue limestone at base con-

tains Camarotwechia andrewsi............ccouvuu.. 122.0 25 2386
Fissile shale. A band of blue limestone at base con-

talns Camarotwchia andrewsi .........coveeueen.. 134.0 4.0 226.1
Fissile shale. A band of blue limestone at base con-

tains Camarotachia andrewsi..................... 159.0 8.0 2221
Fissile shale. A band of blue limestone at base con-

tains Camarotawchia andrewsi .......... kel o (s 5 SNURNE o 184.0 8.6 214.1
Redshale ......oooviiniinin ittt 185.0 0.7 205.6

The sectlon is continued in the cliff immedlately south of the
bridge where the thin band of red shale last described ls
visible 8 feet below the top of the cliff.

At top of the cliff 9 feet above the red band there occur
in the soil Camarotwchia andrewsi abundant, Spirifer mack-
enzicus, Kladenella nitide, Dizygopleura halli, D. intcr-
mcedia, D. perrugosa and Beyrichia moodyi................. e

Interbedded fissile gray shale and numerous bands of blue
limestone containing Spirifer mackenzicus abundant, Cama-
rotachia andrcwsi very abundant 6 to 7 feet above base of

unit. Pterinea flintstonensis 5 to 6 feet above base........ 7.0 2128
Red shale. This is the same band as the one exposed at 185
feet horizontally upon the county road.................... 0.7 205.6

Interbedded fisslle gray shale and hlghly fosslliferous blue
crystalline limestone. The limestone contains Camaro-
trchia andrewsi in great profusion in nearly every foot of
the beds. Additional fossils are found above the base of this
unit as follows: Homwospire cvex var, marylandica, 10;
Clidophorus nitidus, 2-3; Pterinea flintstonensis, 3, 10-14,
abundant; Kilwrdcnella nitida, Dizygopleura halli, D. inter-
media, D. perrugosa and Beyrichia moodyi, near base and
topof unit. ... ... e, ... 355 2049
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Thickness
e
Beds Total

Feetl Feet
The section is continued in a dry run a short distance west
of the bridge.
Red arenaceous shale, upper surface discolored.............. 0.4 1694
Red argillaceous sandstone............ceeieerevennnnenenns 1.2 169.0
Red shale ............ 200 o' 50 QBB 0'0'00 0 0.0 5, o 6 9 910 GPG;0 320 KT 0.4 167.8
Red and greenish sandstone, discolored in part.............. 3.0 1674
Fissile green shale ......... .ottt iieieinenerennnnes 1.2  164.4
Greenish sandstone ............ ... .. ittt 1.0  163.2
Red, arenaceous sandstone .............o iiiiiiiiiiiaaann, 11.0  162.2
The section is continued in the bluff which forms the north
bank of Rabble Run where the red sandstone seen at the top
of the section in the dry run outcrops in the top of the bluff
200 feet northeast of the bridge.
Interbedded red shale and sandstone. This unit is 32 feet thick
and includes at its top the beds exposed in the dry run..... 138 151.2
Massive, argillaceous sandstone...........c.vevvvverneenen.n 2.0 1374
Red, arenaceous shale and some interbedded sandstone....... 3.0 1354
Massive red sandstone forming a prominent ledge at the bot-
tom of the cliff, 250 feet northeast of the road............. 8.0 1224
The section is continued in the cliff 500 feet northeast of the
road where the massive red sandstone last described forms a
conspicuous projecting ledge in the cliff on the south side of
the run. N, 81° E, 12° W,
Red shale .......iiiiiiiiiiiiiineinineniescnrnsneecnenss 3 114.4
Gray Shale ....... oottt it iittenneaneeneennns 4.0 114.1
Red shale ......c.ciiiitiiiiiiiiii it inieetesesostacnsnnss 1.0 1101
Fissile gray shale..........c..iuiiiiiiniininiinnennnnn. 45 109.1
Red shale ...ovniiiiininii ittt ittt e iitieiinnaeennns 0.5 104.6
The section is continued on the north side of the run 575 feet
northeast of the road.
Red Sandstone ....uvueveivie e enernnernnnonneeneenenens 1.1 1041
Red shale ...............cc0un.. R 1 o o O S 3.0 103.0
Fissile gray shale above. Concealed below to base of forma-
tion approximately ............cciiiiiiiiiiiiiiiiie e 100.0 100.0
Approximate thickness of McKenzie formation........ 265.0

A notable feature of this section is the great development of
Red beds in the McKenzie.

XIV. Section on Lanes Run
This section is situated on Lanes Run, 3 miles in an air line northwest

of Clear Spring, Maryland, and 1 mile southwest of Stone Cabin Gap. It
is 1} miles southeast of the preceding section. The lower part of the
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McKenzie formation is exposed in the bed of Lanes Run. The massive
ledges of the Ieefer sandstone outerop in the east bauk of the run 0.45
mile in an air line northeast of the junetion of Stone Cabin and Rabble
Run roads. The seetion begins at the point where the top of the sandstone
crosses the stream N. 24° W. from the top of this ledge, and eontinues
thenee up the bed of the run. The latter.locality may be found by follow-
ing the top of the Keefer sandstone from its exposure in the east bank
of the run to its outerop in the field a short distanee towards the south-
east. A traverse was run from this point at right angles to the strike of
the strata aeross the outerop of the MeKenzie and Wills Creek formations.

This loeality affords the most trustworthy measurements of the lower

part of the McKenzie formation obtained in the North Mountain region.

The measurements of the upper part of the formation are less precise
owing to the difficulty in securing accurate strikes and dips.’

Seetion exposed on hill southeast of Lanes Run and northwest of
cemetery. Strike and dip used in ealeulating this part of the seetion
N. 23° E. 40° E., the average of 10 observations.

WitLs CREEK FORMATION Morizontal Thickness

distance to ——
Bloomsburg Member top of unit Beds Total

Feet Feet Feet
Red argillaceous sandstone and arenaceous shale exposed

on hilltop.

McKENZIE FORMATION

Fissile, yellowish shale. The top of this unit is 10 feet
vertically above base of the McKenzie

Red arenaceous shale

Red, shaly sandstone, making an indistinct ridge on the
top of the knob

Red, arenaceous shale. The top of the Keefer sandstone
outerops in the field 358 feet N. 63° W. from the base
cof this bed

The section is continued by following the base of the red
beds of the McKenzie from its outerop in the east bank of
Lanes Run to its outerop in the field southwest of expos-
ure in bank. This part of the traverse is neglected in
horizontal measurements given.

! Measured by tape by C. K. Swartz assisted by G. Taylor.
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s Traverse N. 75° E. down center of stream *

Horizontal Thickness
distance to ——A——x
top of unit Beds Total

Feet Feet Feet

Concealed ........iviiiiiiiiieiieineeenieennnnnnas 254 14 88

Dark-gray shale outcropping in ridges crossing stream.... 226 36 74
Largely concealed, some beds of dark-gray shale seen in bed

Of SIFEAM ......c.ivtiiiinininennnenneeennnnnsen.. 150 33 38

Fissile gray shale exposed in bed of stream............... 105 5 5

Total thickness of McKenzie formation............ 300

ROCHESTER FORMATION
Keefer Sandstone Member

Massive conglomeratic sandstone seen on the east bank of
the stream 8. 24° W. from the base of the preceding unit.

This seetion like the preceding is remarkable for the great thickness of
red beds in the McKenzie, leading Stose to map much of this formation as
the Bloomsburg red sandstone in the Pawpaw-Hancock folio of the U. S.
Geological Survey.

XV. Section at Hanging Rock

The name Hanging Rock is applied to the massive ledges of the Tns-
carora formation exposed in Stone Cabin Gap, at the southern extremity
of Sword Mountain, 2§ miles in an air line northwest of Clear Spring.
The best exposure of the Rose Hill formation in the North Mountain of
Maryland is seen here, affording an almost uninterrupted seetion of that
formation. The thickness of the Rose Hill is much less at this place than
it is farther west. There is no satisfactory evidence of faulting and it may
be that the reduetion in thickness is due to thinning eastward.

The horizontal traverse begins at the base of the Keefer sandstone and
extends southeastward along the county road to the top of the Tuscarora
sandstone.’

! Strike and dip employed in calculating the thickness of beds beneath the
McKenzie red bed N, 23° E. 40° E., the average of 10 observations.

* Measured with tape by C. K. Swartz assisted by G. Taylor. Strike and dip
of beds N. 18° E, 61° E., average of 8 observations.
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ROCHESTER FORMATION
Keefer Sandstone Member
Traverse S. 45° E.
Massive conglomeratic sandstone....

RosE HILL FORMATION

Concealed. Fissile shale in soil. At the top of this
unit were found in loose fragments of sandstone
Calospira suleata, Lioealymmene elintoni abundant
Calymene niagarensis var

Ferruginous sandstone loose in soil

Concealed ....

Hard, gray sandstone rather thin bedded, stained
brown e

Concealed. Soil contains ﬂssue gray shale covered
with sandstone drift..........

Bluish ferruginous sandstone

Concealed

Fissile gray shale.....

Four heavy ledges of blue ferruginous sandstone with
interbedded fissile, gray shale in lower part

Fissile, gray, argillaceous shale, a very little, thin-
bedded, very argillaceous sandstone. Almost entire
unit weathered into soil. .’

Thin-bedded, very argillaceous sandstone

Fissile, gray shale well exposed. Ten feet above bot-
tom of this unit (202 feet horizontally) occur crin-
oid stems and a few Calospira hemispherica, Caly-
mene cf. blumenbachii var. macroeephala, Lioealym-
mene clintoni, Bonnemaia perlonga 0000000

Fissile, gray shale, interbedded with heavier shales
and lenticular argillaceous sandstone, breaking ir-
regularly

Interbedded, thin-bedded, hard, argillaceous sandstone
and arenaceous shale. A sandstone band 6 inches
thick occurs at top of unit

Greenish-gray, arenaceous shale, breaking irregularly.

Fissile shale reddish tone...

Fissile, gray shale and a very little thin-bedded ar-
gillaceous sandstone; 12.5 feet above base of this
unit (248 feet horizontally) crinoid stems and Caly-
mene Sp. occur

Hard, thin-bedded, greenish-gray sandstone with a
little interbedded arenaceous shale......

Concealed. Soil contains gray sandstone fragments. .

Interbedded, fissile gray shale and some thin-bedded
argillaceous sandstone

Concealed

Horizontal
distance

from begin-

ning of
traverse to
top oi beds

214.0

226.0

. 269.0
284.0

Thickness

Beds Total
Feet Feet

25.0 25.0

22.6
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Horizontal

distance

from begin-

ning of Thickness

traverse to ———A—m—

top of beds Beds Total
Feet Feet Feet

Hard, greenish-gray sandstone, becoming thinner-

bedded at base...........cvvviiiiininrnnnnnnnn. 392.0 6.2 39.2

Fissile, gray shale; some thicker and more arenaceous
beds .......... PR o o o o oPEC o 0o of 8o db oo 502.0 33.0 33.0
Total thickness of the Rose Hill formation. ... . 300.5

TUSCARORA FORMATION
Very massive, hard, white sandstone (“ Hanging
Rock ).
XVI. Section One Mile Northwest of Clear Spring

This section is exposed on the north side of a millpond situated in the
gap south of Johnson Mountain, 1 mile northwest of Clear Spring. The
traverse begins at the first exposure of the red strata of the MeKenzie for-
mation and extends castward along the north side of the millpond, to the
top of the Tuscarora formation.

The section is thinner than is normal, due probably to faulting. Mueh
of the lower part of the MeKenzie has probably been concealed in this
manner. Careful search was made for fossils but the strata appear to he
barren, contrasting greatly, in this respeet, with the richly fossiliferous
beds of the Rose Hill formation farther west.*

orizontal

distance
from begin-
ning of Thickness
traverse to ~—m—A——u—
McKENZIE FORMATION base of beds Beds Total
. Feet Feet Feet
Concealed, red soil on slope.
Red, very arenaceous shale and argillaceous sandstone,
partially covered with soil......covuuvirunnnenn... 27.0 19.6 48.1
Two 4-inch courses of hard, reddish sandstone weath- o
ering greenish-gray .................. ..o, 27.9 0.6 28.5
Red, argillaceous sandstone, breaking irregularly.... 29.0 0.8 )
Greenish-gray, argillaceous sandstone, hard.......... 30.4 1.0 271
Red, very arenaceous shale, partly concealed......... 35.0 3.3 26.1
Concealed ..........covvevieiinnnnneneenenenunnnns 54.0 13.8 22.8
Argillaceous sandstone, greenish, micaceous in courses
2to8inches thick.....c.voiiiiininninnn ... 57.2 2:3 9.0
Concealed ......... A 0 000 0o D I N 66.5 6.7 6.7
Total thickness of the McKenzie formation exposed. 48.2

! Measured _w_i-tl_l_tz_ipe b;r C_K' Swartz and —G. Tay]or.
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Horizontal
dist:}l}nce
" St from begin-
RociESTER FORMATION TREion Thi class
i traverse to —
Kecfer Sandstone Member base of beds Beds Total

Feet Feet Feet
Massive gray sandstone exposed on hillside........... 68.0 1.1 39.9
Concealed. Soil covered with gray sandstone drift.... 81.0 9.4 38.8

Massive gray sandstone, stained mottled pink and

light brown on surface. Beds 6 inches to 2 feet 6

inches thick .......... . ittt iniiinennnnnnn 94.2 9.6, 29.4
Massive, greenish-gray sandstone partly concealed in

upper part, somewhat ferruginous at base. Surface

stained brown, lower bed outcrops about 15 feet

above on hillside............ciiiiiiiiiirnnnnennn. 121.3 19.8 19.8

Thickness of Keefer sandstone................ 39.9

Rose HiLL FORMATION

Concealed. Fissile gray shale in soil................ 128.5 6.6 152.6
Dark-brown, ferruginous sandstone ......... ceeeeess 1305 1.9 146.0
Concealed. Soil containing fissile gray shale........ 140.5 9.2 1441
Hard, greenish, argillaceous sandstone.............. 141.3 0.7 1349
Fissile, slightly gray arenaceous shale............... 142.6 1.2 134.2
Hard, greenish, argillaceous sandstone.............. 142.8 0.2 133.0
Fissile gray shale and some interbedded thin-bedded

argillaceous sandstone ...........occuieneeninnnnns 147.8 46 1328
Dark-red, arenaceous shale, weathers grayish, breaks

IPTEZUIATLY o v vt it tittie it iin it i 151.3 3.2 1282
Fissile, gray arenaceous shale with some thin bands

of argillaceous sandstone at base............. 000t 156.5 4.8 1250
Single course of brown ferruginous sandstone, surface

stained by rust..........ciuiiiiiiiiiiiiiiiien 157.1 0.6 120.2
Fissile, gray, arenaceous shale, breaks irregularly;

weathers to yellows and browns............coo0euen 165.1 7.4 1196
Hard, greenish-gray. argillaceous sandstone in two

courses ...... P IR | o 50 0 o A8 o B OB 166.8 1.6 112.2
Red, ferruginous shales, break irregularly........... 168.0 11 110.6
Interbedded, fissile gray shale and thin-bedded,

greenish-gray argillaceous sandstone.............. 171.0 2.8 109.5
Much weathered, greenish-gray, argillaceous sand- :

stone, medium-bedded ........... .. 0o i, 172.0 0.9 106.7
Interbedded, greenish-gray, fissile arenaceous shales

and thin-bedded, argillaceous sandstone............ 179.0 6.5 105.8

Argillaceous sandstone in courses 1 to 4 inches thick,

stained brown. Some surfaces marked by trails or

fucoids. Base of unit forms projecting ledge....... 1815 . 2.3 99.3
Greenish-gray, arenaceous shale, weathering brown,

surface of beds covered with trails or fucoid mark-

ings ......... 50000008 00000000 800080000k s P BEEE G 186.5 4.6 97.0
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Very thin-bedded, argillaceous sandstone exposed about
15 feet above on bank.......... PO Maoeah db o o 90
Fissile, gray arenaceous shale breaklng Into small thin
03 1 T
Greenish-gray, arenaceous shale and argillaceous sand-
stone, breaks irregularly..............ccevivivnnn.
Interbedded, argillaceous sandstone and a little arena-
ceous shale, sandstone bands % to 2 inches thlck,
surface marked by trails or fucolds................
Largely concealed. Some thick-bedded, arenaceous
shale ....... N000000o0aN S B0 0 0 a0 o0E008 008 o oo M A
Arenaceous shale, greenlsh gray, marked by tralls or
FUEOIAE ... ....citiiiiii i ittt
Interbedded, thin-bedded, arglllaceous sandstone and
arenaceous shale, greenish-gray, weathering brown;
sandstone stained brown..............cci0eennen..
Interbedded, argillaceous sandstone and arenaceous
shale. Sandstone heavier-bedded and shale more
fisslle than in overlylng unit. Heavler beds of
sandstone at 221, 229 feet. A soft band at 232 feet,
and a hard band at 233 feet forming base of unit. ..
Medium-bedded, arenaceous shale, breaking irregularly
Very argillaceous sandstone, stalned brown..........
ConeealRAl ... ....co0uvieetiioiietaeeaeeneeanoeenoaiel
Masslve sandstone above arenaceous shale below. Up-
per sandstone forms a projecting ledge............
Masslve sandstone . ........cciiveenrneenenennenenn
Thin-bedded, argillaceous sandstone and a little arena-
ceous greenish-gray shale weathering mottled green
and brown ....... leds » EEE 2006 068T0000
Hard sandstone, stained brown...........ovoivuveeenn
Fissile, gray shale becoming heavier-bedded at base..
Concealed ........coiiiiiiiicieenecaneennennannnacs
Soft, very arglllaceous sandstone, gray, surface stained
L33 o014 + S AP
Concealed ........... oo RN ...

TUSCARORA FORMATION

Masslve sandstone seen a short distance above on
hlllside and more clearly on opposlte side of mill-
pond.

Ilorizontal
distance
from begin-
ning of
traverse to

Feet

190.5

193.5

202.0

211.0

212.5

218.0

233.8
239.8
241.8
244.8

248.4
252.0

254.2
254.9
262.2
275.0

276.0
287.0

Thickness
base of beds Beds

Feet

3.6

2.8

5.1

14.6
5.5
18
2.8

2.5
4.1

2.0
0.6
6.7
118

0.9
10.1

L
Total
Feet

92.4
88.8

86.0

63.4
48.8
43.3

415

38.7
36.2

321
30.1
29.5
22.8

11.0
10.1

152.7




SECTIONS OF THE WILLS CREEK AND
TONOLOWAY FORMATIONS

BY
C. K. SWARTZ!

A. Sections in Wills Mountain Anticline
I. Seetion on Keyser-Heddenville Road, Keyser, West Virginia

The Wills Creck and Tonoloway formations are well exposed on the
Keyser-Heddenville Road, southeast of Keyser, West Virginia. Although

the section is partially concealed. this loeality affords an excellent oppor-
tunity to measure the thiekness of these formations, and to collect their

fossils.

The Heddenville road leads eastward from Keyser for a distance of
three-fourths of a mile and then turns abruptly to the south. The Helder-
berg formation is finely exposed along the road south of this point. The
Bloomsburg sandstone outerops in a well-defined ridge which crosses the
road nearly half a mile south of this turn.

The section * deseribed begins at the base of the Bloomshurg sandstone
and extends northward along the road a distance of 1782 feet, terminating
at the base of the Helderberg formation.

Horizontal

distance
from begin-

ning of Thickness
traverse to ———A——

HELDERBERG FORMATION top of beds Beds Total
Feet Feet Feet

Massive, nodular limestone.............cooveviunnn. .. 123.0 123.0

ToNOLOWAY FORMATION
Road N. 30° E.
Concealed .......coovititinenneneerereaneaennnnn 1782.0 90.6  588.4
Private road leading northwest.

! The author has been aided in making measurements and collecting fossils
by various assistants whose help is acknowledged in appropriate places. The
bryozoa and ostracoda have been identified by R. S. Bassler and E. O. Ulrich.

* Measured with tape by C. W. Cooke, O. B. Hopkins, and W. A. Price, Jr.,
under the direction of C. K. Swartz.
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Horizontal
distance

from begin-

ning of
traverse to
top of beds
Feet

Concealedy . ...... .. 0.8 e dee s oe oo PN ....1482.0
The strata are concealed along the Yoad from 1249 to
1482 feet of the horizontal traverse. The section de-
scribed below is exposed in and near a small quarry
situated northeast of the road and southeast of a
small stream which crosses the road 1322 feet from
beginning of section. The horizontal distances here
given indicate the points approximately at which the
strike of the beds crosses the road.
Bluish-gray limestone exposed in field, at top of which
are found Rhyncospire globosa, Hindella congregata,
Halliella fissurella, and Leperditia alta............ 1340.0
Dark-colored, thick-bedded limestone N. 49° E, 63°
N. wW.
Thin-bedded, dark-blue limestone, lower beds nodular,
containing, 4.6 feet above the base of this unit (1306
feet horizontally), Hindelle congregate, 2.6 feet
above the base of this unit occurs ostracods........ 1313.0
Thin-bedded, dark-blue limestone, some beds shaly.
Mud cracks occur about the center of this unit. The
following fossils occur in a thin bed of arenaceous
limestone at the top: Hindella congregata and Le-
perditia alta. Nine feet above the base occur (1292
feet horizontally) Dizygoplcura costata, D. simulans,
Leperditia alta
Thin-bedded, dark-blue, nodular limestone seen in
northeast wall of small quarry. This bed is pro-
fusely fossiliferous, containing at the top Horma-
toma rowei, H, rowei var. nana, common, Dizygo-
pleura costata, D. simulans, Leperditia alta. Fifteen
feet below the top (1276 feet horizontally) occurs
Hindella congregata. Three feet below the top (1275
feet horizontally) occurs Hindella congregata abun-
dant. Eight feet below the top (1269 feet hori-
zontally) occur Stenochisma ¢ lamellata, Rhyn-
chospira globosa, Hindella congregata, Hormatoma
TONDGT IPRgas o rs o « s o o/ sia of ol Lo GTaRe & o a6 a7a aTala o o s ve...12798.0
Thick- and thin-bedded, dark-blue limestone. Some
beds marked by mud cracks. The lower beds of this
unit are exposed on steep bank east of road........ 1266.0

Road N. 32° W,

WiLLs CREEE AND ToNOLOWAY FORMATIONS

Thickness
Beds  Total
Feet Feet

71.1 497.8
16.3  426.7

8.0 410.4
10.6 402 .4
213 3918
10.6  370.0
149 3599
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Horizontal
distance
from begin-
ning of Thickness
traverse to \
Road N. 15° E. topofbeds  Beds Total

Feet Feet Feet
The sectlon descrlbed below is seen along the county

road, the uppermost beds belng exposed in the steep
bank east of the road and southeast of the stream.

Thin-bedded, platy, argillaceous limestone becoming
gray on weathering

Calcareous shale

Dark, uneven-bedded, somewhat nodular limestone
containing Stenochisma lamellata, Camarotachia
tonolowayensis, Hindella congrcgata, Tentaculites
gyracanthis var. marylandicus, Zygobeyrichia ven-
tripunctata

Gray, shaly limestone

Concealed

Rotten, argillaceous limestone

Limestone filled with a great profusion of fossils. Par-
tlally concealed. This bed constitutes the Camaro-
trchia lamellatae zone. In this unit occur Aulopora
sp., Favosites abundant, crinoid rings abundant,
Bryozoa, Schuchcrtella rugosa abundant. Steno-
chisma lamellate common, Camarotwchia litchfield-
cnsis, C. tonolowayensis, Rhynchospira globosa
abundant, Tentaculites gyracanthus var. maryland-
icus. About 326 feet stratlgraphically occur Camaro-
trchia litchficldensis, Hormatoma rowei var. nana,
Dizygopleura costata, D. simulans, Zygobeyrichia
ventripunctata., 7. tonolowayensis. About 321 feet
stratigraphlcally occur Dizygopleura costata, D. si-
mulans, Leperditia alta.

Concealed

Dark, compact somewhat crystalllne limestone

Platy llmestone weathering gray, some courses argil-
laceous. Tmperfectly exposed

Impure argillaceous limestone partially concealed....

Concealed

Crystalline, dark, somewhat irregularly bedded lime-
stone with silicified nodules In lower part. Highly
fossillferous. Near top occur Hindella congregata.
Hormatoma sp. At 302 feet stratigraphically occur
Hindclla congregata, Dizygoplcura costata. D. simu-
lans, Zygobeyrichia vcntripunctata. Z. tonoloway-
ensis. At base occur Hindella congregata, Holopea
flintstonensis, Lepcrditia alta. Dizygopleura sub-
ovalis, D. halli
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Calcareous shale

Thin-bedded, platy argillaceous limestone

Dark crystalline limestone somewhat unevenly bedded
and abounding in ostracods. The lower 6 inches
contains Tctrameroccras cumbcerlandicum abundant,
Orthoceras sp., Hormatoma rowei. This is the Tet-
rameroceras zone

Rotten argillaceous limestone. Purer bands occur at
the top and 5 feet below the top. At the top occur
Modiolopsis gregarius, Leperditia alta

Thick-bedded gray limestone full of solution cavities
which are lined with calcite crystals. This bed
forms a projecting point on the northwest wall of a
small quarry. Its line of strike passes west of a
small kiln

Thin-bedded limestone weathering gray

Dark-blue crystalline limestone

Gray lamlnated limestone

Calcareous shale below overlain by shaly limestone.

The top of the unit consists of shale.
concealed

Partially

Blue limestone. The lower 1.7 feet thin-bedded, the
upper 0.6 feet thick-bedded

Impure argillaceous llmestone with numerous small
cavlties. Upper 3 feet more compact.

Thin-bedded limestone breaking somewhat irregularly.

Clay band

Thin-bedded limestone weathering into plates 1% to 1
inch thick. Lower courses pink.. 005060 ob 5

Compact, dark-blue, somewhat crystalline limestone.
Calcite velns. Hackle teeth on surface

Rotten, calcareous shale weathering brown

Compact, somewhat crystalline, dark-blue limestone,
Calcite veins

Compact, granular dark-blue limestone. At top occur
Hindella congregata, Hormatoma rowei abundant,
Hormatoma sp. .........

Dark, granular limestone. Upper 3 inches shaly,
bearing numerous fucoidal markings, lower beds
more compact. 2.65 feet above base occur a dimpled

Horizontal
distance
from begin-

ning of Thickness
traverse to

top of beds Beds

Feet Feet

0.7
3.5

Total
Feet

299.3
298.6
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from begin-

surface on which are found numerous Hindella eon-
gregata and ostracods. At base occur ostracods....
Shaly limestone weathering into thin plates, gray
color. Beds somewhat undulating....... 5086000004
Compact blue limestone in a single course, upper sur-
face set with lumps. Containing in upper part
Hindella congregata and ostracods..... A5 JNE 0000
Thin-bedded, dark-blue limestone...................
Shaly limestone with numerous mud cracks forming
east wall of quarry......... 000 0000000000000 0T ag
Compact limestone in a single course.............. aG
Laminated limestone weathering into beds 12 to 2
inches thick. At 232.5 feet stratigraphically occurs

Leperditia alt@ ......ocvveeiiieneneneencnsnnnnenn
Calcareous Shale ..........covvveerennrnennceenncns
Limestone somewhat shaly ....................... 86

Shaly limestone becoming a calcareous shale above...
Argillaceous limestone in a single course............
Caleareous shale ..............ciiiiiiiiiiinnnennns

Road N. 12° W,

Gray limestone, TUpper courses thick-bedded; lower
courses somewhat shaly.............ovvvvvinen
Thin-bedded llmestone weathering gray. About 220
feet stratigraphically Leperditia alta........ P
Hard, dark-blue limestone, lower 5 inches forming a
single course, remainder thin-bedded. Near base
occur (1012 feet horizontally) Holopea ? flintston-
ensis, Hormatoma rowei var. nana, Leperditia alta.
Dark-gray limestone Weathefing in bands a few inches
thick, with a massive bed 2 feet thick at top. Mud
cracks occur near the top; 14.4 feet below the top
of this unit (984 feet horizontally) occurs Leperditia
alta; 285 feet below the top (940 feet horizontally)
occurs Camaroteehia tonolowayensis; 58 feet below
(938 feet horizontally ) occurs Modiolopsis gregarius,
Leperditia alta; 64 feet below the top (925 feet

Horizontal
distance

ning of
traverse to
top of beds
Feet

horizontally) occurs Leperditia alta............... 1010.0

Concealed. Altitude 17 feet below beglnning of tra-
VETSE .ovevvernsnnnssnss .

S e scasesass s ravseresan e

929.3

109
Thickness
Beds Total
Feet Feet
3.3 243.0
2.2 239.7
0.6 2375
1.1 2369
2.2 2358
0.8 233.6
1.6 2328
0.3 231.2
04 2309
0.6 230.5
0.4 2299
0.2 2295
81 2293
45 2212
0.8 216.7
67.1 2159
38.6 148.8

Gate leading southeast to an Old Mill and Cabin at 993 Feet Horizontally
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Horizontal

distance

from begin-

ning of Thickness

traverse to
Road N. 914° E. top of beds Beds Total

Concealed. This unit and the overlying one occupy a

slight depression in the hillside.

Thin-bedded, shaly limestone, partly concealed in the
middle of the unit. There are a few bands of thicker-
bedded, more massive limestone near the top and
bottom ...................

Thick-bedded, dark-blue limestone weathering thin,
beds becoming thinner and somewhat argillaceous at
the top; 4.4 feet below the top of this unit (758
feet horizontally) occurs a bed of light gray, arena-
ceous limestone about 1 foot thick. Thirty-one feet
above base of unit (824 feet horizontally) occur
Leperditia alta, Aparchites ? punctillosa, Dizygo-
pleura subovalis, D. halli. Leperditia alta also oc-
curs at the following altitudes above the base of
this unit: 19.2 feet (752 feet horizontally), 0 4
feet (717 feet horizontally).......................

Medium to thin-bedded, dark-blue limestone, thicker-
bedded at bottom. A 4-foot bed of shaly limestone is
founad 6.5 feet above the base (675 feet horizontally),
The top of unit is ripple-marked. Leperditia alta
occurs 5.5 feet (673 feet horizontally), 0.5 feet (664
feet horizontally) above the base of the unit.......

Total thickness of the Tonoloway formation. ...
Entrance to old mill at 663 feet horizontally.

WiLLs CREEK FORMATION

Concealed in large part. This unit probably consists
largely of calcareous shale with some interbedded
shaly limestone ............covverivnrnnennnnnn

Calcareous sandstone ...............c.ueuuneennnuin.

Calcareous shale, with a few argillaceous sandstones.
The base of this unit consists of a thin bed of
limestone *.. .. ... T 0 i e e e

.Road N. 1%° E

Mostly concealed. Much shale with occasional out-
crops of limestone. Near the top of this unit is a
thin-bedded limestone conglomerate. Leperditia alta
occurs at the following altitudes above the base of
this unit: 95.1 feet (292 feet horizontally), 61.9
feet (242 feet horizontally), 31.6 feet (192 feet hori-
zontally) and at HOD).". . B LA, LR e, e

Feet Feet Feet

829.0 33.6 89.2

766.0 26.7 55.7

716.0 29.0 29.0

588.4

663.0 62.0 446.4
549.0 1.5 3844

546.4 473 829

4644  208.3 335.6
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Horizontal

Road N. 28° W, distance

from begin-

ning of
traverse to
top of beds
Feet

Largely concealed. Calcareous shale with occasional
thin beds of limestone. Fossils occur above the base
of this unit as follows: 98.4 feet (129 feet hori-
zontally) Leperditia alta, L. alta breviculata, Bollia
nitida, B. immersa, Halliella subequata, Kledenia
normalis, Euklaedenella umbilicata curta, Zygobey-
richia incipiens: 78.7 feet (107 feet horizontally)
Leperditia alta, Dizygopleura halli..... Stk oBgh, 148.9

Bloomsburg Sandstone Member

Massive sandstone, weathering red, greenish on fresh

fractane) . o L R e e g8 J56%E 30.8
Green argillaceous sandstone and arenaceous shale... 29.1
Arenaceous shale, greenish tone..................... 26.3
Thin-bedded, dark-blue limestone........... G O o 23.8

Arenaceous shale, greenish tone, with interbedded beds
of argiilaceous sandstone. Surface of some beds of
sandstone covered with markings resembling trails
or impressions of fucoids. Leperditia alta occurs
5.4 feet above the base of this unit (16 feet hori-
zontally) ...... NS e SR 1 LY 20.1
Red, arenaceous shale .......ccoveviienennns XX 9.8
Massive sandstone. Upper 1.3 feet deep red, lower part
green. This sandstone forms a sharp projecting
ledge on the top of the hill. N. 50° E, 60° N. W.... 8.8

Total thickness of Wills Creek formation......

McKENZIE FORMATION

Argillaceous sandstone ...........c.cciiieiennn ¥ i
Greenish arenaceous shale............. 00000GS .. Jn .
Fissile gray shale, upper beds somewhat arenaceous.

111

Thickness
EN
Beds Total
Feet Feet
1001 1273
1.5 2452
245 25.7
2.2 23.2
.3 21.0
9.5 INTAT
0.7 8.2
7.5 7.5
446.4

9.2

1.5 5

II. Section on the Baltimore and Ohio Railroad East of Kcyser, West Virginia

The Standard Lime and Stone Company has opened extensive quarries
on the Baltimore and Ohio Railroad three-fourths of a mile east of Keyser,

West Virginia. Two quarries are worked at this place.

8

The western
embraces strata extending from the base of the Oriskany to the top of the
Tonoloway formation; while the eastern is opened in the Tonoloway.
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The eastern section, described below, begins at the Helderberg-Tonolo-
way contact ncar the east side of the west quarry and extends castward
through the eastern quarry. The section is continuous with the scction of
the Helderberg formation deseribed in the volume of the Lower Devonian

Deposits of Maryland." This locality presents an excellent exposure of

the middle and much of the upper part of the Tonoloway formation.*

Thickness

—~
HELDERBERO FORMATION Beds Total
Feet Feet

Section exposed in the western quarry. Nodular limestone
with some chert containing Stropheodonta bipartita, Whit-
fieldella minuta, and ostracods

ToNOLOWAY FoRrRMATION

Dark thin-bedded, shaly limestone containing some more com-

pact beds and a band of chert. N. 45° E. 67° N. W. The

following fossils were found in this unit. Two feet below

the top Stropheodonta (Leptostrophia) bipartita var. near-

passi, Stenochisma ? lamellata abundant, Camaroteechia

litehfieldensis abundant, Spirifer corallincnsis abundant,

Spirifer keyserensis common, Tentaculites gyracenthus var.

marylandicus, Calymene camarata ?. Three feet below the

top Stropheodonta (Leptostrophia) bipartita var. nearpassi

common, Caemarotwchia litchfieldensis abundant, Spirifcr

eorallinensis abundant, Jichmina dubia, Dizygopleura sub-

ovalis. One foot above the base Spirifer corallinensis, Halli-

ella fissurella, Dizygopleura costata, Aparchites obliquatus,

Octonaria muricata, Zygobeyrichia ventripuuetata. 7. tonolo-

wayensis, Z. virginia, Z. ventricornis, Dibolbina cristata, By-

throcypris phaseolinus, B. keyserensis, Dizygopleura costata,

D. subovatis, D. simulans, Leperditia alta, Kledenella bisul-

587.7

East end of west quarry SR LR
Largely concealed between the two quarries. This unit con-

sists largely of calcareous shales ) A 579.7
Calcareous shale and shaly limestone, a few heavier beds of

purer limestone 5 489.7
Medium to heavy-bedded, dove-colored limestone with thin

shale partings Cio . 50000 gag 68 i 448.7
Impure, shaly limestone and calcareous shale y 428.7
Thin-bedded, dark-blue limestone 3 434.7

* Md. Geol. Survey, 1913, p. 560.

* Measured with tape by C. W. Cooke, 0. B. Hopkins, and W. A. Price, Jr..
under the supervision of C. K. Swartz.
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Calcareous shale, varylng In thickness on strike

Dark limestone, heavy-bedded below, thin-bedded above, con-
tainlng cavitles filled with calcite

Thin to medium-bedded, dark-colored limestone, contalning
mud cracks and ripple marks. The base of this unit is
formed by a thin bed of fissile, shaly limestone N, 47° E.
70° N. W. Lepcrditia alta occurs 2 feet above the base of
this unit

Dark, heavy-bedded, fossiliferous limestone. One foot below
top occur: Dizygopleura costata, D. halli, D. simulans,
Leperditia alta, Wéllcria obligua. Three feet below the top
oceur bryozoa abundant, ITindclle congregata very gibbous,
Orthoceras sp. small........

Massive, dark-blue limestone with some bands of shaly lime-
stone. At top occur ostracods and Hindella congregata. .

Limestone, very nodular below, less distinctly so above. Two
feet above the base of this unit occurs Camarotwchia litch-
fieldensis common, Rhynchospira globosa ?, Hindella con-
gregata, Dizygopleura subovalis, D. simulans, D. halli, Wel-
leria obliqua, Leperditia alta

Fisslle, arglllaceous limestone at top, massive dark-blue llme-
stone wlth interbedded shaly limestone below

Thin-bedded limestone, containing a great profusion of fosslls
including Aulopora sp., cystld plates common, crinoid rings
abundant, bryozoa abundant, Stropheodonta sp., Schucher-
tella rugosa abundant, Stenochisma ? lamellate abundant,
Camarotachia litchfieldensis var. marylandica, Rhyncho-
spira globosa abundant, T'cntaculites gyracanthus var. mary-
landicus, crinold plates................... o

Dark-blue, thin-bedded limestone, rlck in gastropods. Four
feet above the base of thls unit ocecur Leperditia alta,
Welleria obliqgua. Two feet above the base occurs Favosites
sp., Hindella congregata, Leperditia alta, Wellcria obliqua,
Dizygopleura subovalis, D. halli. Leperditia alta occurs at
the bottom

Thin-bedded, shaly, fossiliferous limestone with some inter-
bedded, heavler courses, rlpple marked. Some strata arena-
ceous. Camarotachia tonolowayensis occurs at the top.
Camarotwchia litchfieldensis, Rhynchospira globosa, Tcnta-
culites gyracanthus var. marylandicus, Calymene camerate
occur 6 feet above the base of the unit

Concealed. Approximately

Total thickness of the Tonoloway formation

113

Thickness

Beds Total
Feet Feet

2.0 415.7

249 4137
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The following ostracoda are abundant towards the base of the forma-
tion: Welleria obliqua, W. obliqua brevis, W. obliqua longata, Halliella *
triplicata, Dizygopleura halli, D. halli obscura, D. simulans, D. simulans
limbata, Bythrocypris phaseolina, and Leperditia scalaris pracedens.

I11. Scction at Pinto

An excellent section of the Wills Creek and Tonoloway formations is
exposed along the tracks of the Baltimore and Ohio Railroad at Pinto,
Maryland. The Potomac River traverses the western limb of the Wills
Mountain anticline at this point and has made an extensive natural scc-
tion which has been rendered still more perfect by the construction of the
deep cuts of the railway. The strata stand vertical in the cuts and afford
an uninterrupted exposure extending from the upper part of the Clinton
to the lower beds of the Helderberg. The section of the Wills Creck and
Tonoloway formations scen at this locality is not equalled by that found
at any other locality in the state.!

The section described begins at the bottom of a heavy sandstone which
{forms the base of the Wills Creek formation and extends thence westward
along the railroad tracks, terminating at the Helderberg-Tonoloway con-
tact 90 feet from the center of the road at the western end of the cut.’

HELDERBERG FORMATION

Very massive, nodular, fossiliferous iimestone. TR
ERAT =

Beds Total
TonNOLOWAY FORMATION L
Ieet Tnches Feet Inches

Laminated, argiilaceous limestone................... 0 3 610 10
Interbedded shaly limestone and caicareous shale.... 0 11 610 7
Argillaceous iimestone, containing Orbiculoidea sp.,

Camarotachia litchfieldensis, Dizygopleura costata,

Dibolbina cristata, Zygobeyrichia ventripunctata, Z.

EONOIOWAYENSIS vttt ettt enenentseeaesnansaenns 0 2 609 8

*For a discussion of the sections of the McKenzie and Ciinton formations at
this iocality see pages 53-61. The section of the Helderberg here exposed is
described in the report on the Lower Devonian, Maryiand Geological Survey,
pages 141-143.

*Measured with tape by C. K. Swartz assisted by R. Leibensperger and
G. Taylor.
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Thickness

i G 8 P
Beds Total

Feet Inches Fect lnch_6;
Thin-bedded blue limestone, bedding somewhat irreg-

ular ... . 4 606 6
The section is continued in recess north of track.
Largely concealed. This unit consists chiefly of cal-

careous shales. The distance from the base of this

unit to the Helderberg-Tonoloway contact is 92 feet
bearing N. 89° E. Difference in altitude of these

polnts is 6 feet. Average strlke and dlp N. 14° E.

82° E. ... . 84
Largely concealed This unit consists chiefly of cal-

careous shale and argillaceous, shaly limestone.

More resistant beds occur at the following distances

above base of this unit as follows:

42-44 feet above base bed 2 feet thick, 19 feet 6
inches, bed 9 feet 6 inches, 3 feet to 8 feet 6
Inches bed 5 feet 6 inches

Argillaceous limestone and calcareous shale...

Heavy-bedded limestone

Argillaceous limestone and calcareous shale

Heavy-bedded limestone

Laminated limestone ....

Blue llmestone ............... ST e

Argillaceous limestone and calcareous shale

The remainder of the section is contlnued by railroad
track.

Platy limestone in beds 1 to 6 inches thick

Gray limestone mottled with lighter flecks

Laminated gray limestone, middle beds massive; thin

beds of shale at top 3
Largely concealed. Platy argillaceous limestone and

calcaréous shale
Massive blue limestone
Massive calcareous sandstone. This is a limestone con-

taining a large number of rounded quartz grains....
Shaly llmestone, containing solution cavities...
Gray limestone which breaks irregularly....
Laminated blue llmestone, compact and massive in
lower part, upper 2 feet shaly. This unit contains

Leperditiaalta .........covvevn. o0 OTTEE. s
Very massive blue limestone intersected by many cal-

cite seams
Laminated limestone, weathers ycllow. This unlt

resembles the underlying one
Massive, non-laminated limestone, weathers yellow

Yoo S o 1w oD
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Thickness
Beds Total

. ™ Feet Inches Feet lnciles
Laminated limestone. Leperditia alta, Welleria ob-

ligua, Dizygopleura costata, D. halli, D. subovalis
occur at about 873 feet.......... 000 0o b b o ol 2 @ s Bl
Blue limestone with many crystal bands. The upper
part is heavy-bedded. At the top of this unit are
found Camarotechia litchfieldensis abundant, Hin-
della congregata abundant, Hormatoma rowei, Halli-
ella fissurella, Dizygopleura costata, D. simulans,
Zygobeyrichia ventripunctata. Three feet 3 inches
above the base of this unlt are found Camarotachia
litchfictdcnsis common, C. tonolowayensis, Hindella
congregata, Halliella fissurelld, Dizygopleura costata,
D. simulans, Zygobeyrichia ventripunctata, Z. tonolo-

WAYPONEUE o oot e eeeereninnnnonnnseessnnnns 5 Jo 6 5 371 4
Single course of compact, blue crystalline limestone. . 1 0 364 11
Calcareous shale and shaly limestone....... L. . 5 5 363 11

Laminated limestone in lower part, courses 3 to 12
inches thick. Middle thin-bedded shale. TUpper
heavler-bedded. At bottom of this unlt occurs Hin-

della cOngregata ...........ocvoevveneenn.. Bt ook S A1 RE8 6
Rotten limestone ..........c.0viiiiiiiiiiinnnnnnn.. 2 6 354 7
Dark-gray limestone, weathers light-gray............. 1 9 352 1
Rather thick-bedded, laminated limestone. This llme-

stone forms a low pinnacle......... 00388 000 6 0090000 13 7 350 4
Thick-bedded magnesian limestone. Single course be-

low, the upper 4 inches being a separate course.... 2 3 336 9

(=]
—
[
(-]
[
-
(=]

Calcareous shale and shaly llmestone................
Limestone, lower part laminated, upper part magnesian 1 6 333 7
Gray limestone, breaks irregularly. The upper 6 inches

are somewhat laminated. This unit is in a depres-

07§ 0 0 a0 o oPRIISEAEIREINN . 5 o RS . o & il 5 332 1
Laminated limestone. Upper bed 3 to 12 inches thick.

At 324 feet stratlgraphically occur Dizygopleura sub-

ovalis, D. simulans, Leperditia alta, Welleria obliqua.

Aparchites punctillosa. At 322 feet stratigraphically

oceur Halliclla fissurella, Dizygopleura costata,

Octonaria muricat@ ........coooeiiniennnnnnennns 10 0 330 8
Gray limestone with numerous crystalline bands, some-

what irregularly bedded, the beds being 3 to 12

inches thick. This unit contains numerous fossilifer-

ous bands bearing Halliella fissurella, Dizygopleura

costata, D. simulans, Octonaria muricata, Bolbina

cristata, Zygobeyrichia ventripunctaia, Z. tonoloway-

ensis, bryozoa, Camarotachia litchfieldensis abun-

dant, Hindella congrcgata, Tcntaculites gyracanthus

var. marylandicus abundant...................... o 6 320 8
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Thickness

=—
Beds Total

Feet Inches Feet Inches
Compact gray llmestone with beds 1 to 4 inches thlck. 1 3 311 2

Compact limestone containing large chert nodules.... 0 7 309 11
Banded, light-colored limestone 0 7 309 4
Rotten, magneslan limestone, breaks irregularly. The

lower part is heavy-bedded 308
Interbedded calcareous shales and laminated argllla-

ceous limestone. The upper ls largely shale 307
Calcareous shale and shaly llmestone profusely fossillf-

erous containing near top cystld plates, bryozoa

abundant, Schuchertella rugosa, Camarotwehia liteh-

fieldensis abundant, Rhynehospira globose abundant,

Hindella congregata, Halliella fissurella, Dizygo-

pleura costata, D. halli, D. simulans, D. subovalis,

Zygobeyriehia ventripunetata, Z. tonolowayensis, Le-

perditia alta, Aparchites punctillosa, Welleria ob-

Shaly crystalline limestone very fosslllferous contain-
ing bryozoa, Schuchertella rugosa, abundant, Camaro-
taeehia tonolowoyensis, Rhynchospira globosa abun-
dant, Hindella congregata, Halliella fissurella, Dizy-
gopleura costate, D. simulans, Octonaria murieata,
Dibolbina eristata, Zygobeyrichia ventripunetata, Z.
tonolowoyensis

Blue crystalline llmestone, beds somewhat Irregular.
About 296 feet ostracods Dizygopleure halli and Le-
perditia alta .

Calcareous shale

Blue limestone with somewhat irregular bedding,
breaking into layers from 1 to several inches in thlck-
ness. This limestone forms a pinnacle. Fosslls are
found above the base of thls unlt as follows: 5%
teet Camarotechia litehfieldcnsis common, Rhyn-
chospira globosa common, Hindella eongregata com-
mon, Loxoncma ? Sp., Leperditia alta, Dizygopleura
subovalis, D. halli. Four and one-half feet above
base: Hindella eongregata, Hormatoma rowei, Leper-
ditia alte, Welleria obligua, Dizygopleura subovalia,
D. halli. Two feet: Modiolopsis gregarius abundant,
ITormatoma rowei abundant. Near base: Camaro-
taechia litehficldensis common, Rhynehospira globosa
common, Hindella congregata common, Loxonoma ?
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Thickness
LY 3
Beds Total

A ey

Feet lnch-; fF_eet Inches
Rotten llmestone, crevice below filled with elay. .. .... i 0 283 )

Thin-bedded, blue limestone. The beds are somewhat
irregular. Fossils occur at the followlng dlstances
above base: About 13 feet Camarotechia litchficld-
ensis, Leperditia alta, Dizygopleura subovalia, D.
halli, D. simulans. About 8 feet Leperditia alta, Wel-
leria obliqua, Dizygopleura subovalia, D. halli. Four
feet: Leperditia alta, Welleria obliqua, Dizygopleura
subovalia, D. halli. Near base: Camarotechia litch-
fieldensis, Tentaculitcs gyracanthus var. maryland-
icus, Leperditia alta, Aparchites punctillosa, Dizy-
gopleura subovalis, D. halli, Welleria obliqua. .. ....

Laminated limestone. Dizygopleura halli

Cavity filled with debrls. ... E

Laminated blue limestone. In the middle of this unit
is a cavern filled with horizontal layers of traver-
tlne. This mlddle part forms a plnnacle. At about
249 feet occurs Hindella congregata

Crevice fllled with travertine and debris

Impure, arglllaceous llmestone. Solution cavities are
found in the upper foot. Ten inches above base are
found Hindella comgregata, Leperditia alta, Apar-
chites punctillosa

Compact blue 1lmestone in beds 6 to 8 Inches thlck....

Laminated blue limestone. Lower beds are 1 Inch
thlck, heavier-bedded above. Fossils zones, which
are best seen far up the slope, occur at the following
distances above the base of this unit: 714 feet:
Hindella congrcgata, Leperditia alta; 5 feet 4 Inches:
Hindelle congregata abundant, Hormatoma rowei
var. nana, Dizygopleura halli, D. simulans, Leper-
ditia alte, Aparchitcs puntillosa, Welleria obliqua ;4
feet 11 inches: Hindella congregate abundant; 3
feet: Hindella congregata abundant, Leperditia alta;
1% feet Hindella congregata abundant, Lozonema ?
sp., Leperditia alta; 11 inches: Hindella congregata,
Hormatoma rowei var, nana abundant; Leperditia
alta; 7 inches Hindella congregata, Hormatoma rowei
var. nana, Leperditia alta

Compact, dark blue, crystalline limestone forming the
center of a prominent pinnacle. This unit contains
Hindella congregata, Hormatoma rowei var. nana,
Leperditia alta

Somewhat unevenly-bedded, platy limestone breaking
Into beds 1 to 2 inches thick. The lower 18 Inches
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are more massive, crystalline and fossiliferous. One
foot above base occur Spirifer vanuzemi, S. vanuz-
emi var. tonolowayensis ?, and Hindella congregata.
In middle occurs Leperditia alta......

Calcareous shale .........

Laminated blue limestone carrying in lower 5 feet Le-
perditia alt@ «...ovovevennn. . . . a

Dark, argillaceous limestone, beds about 1 inch thick.
This unit occupies the center of a depression. At top
occur Leperditia alta, Dizygopleura halli, Kyam-
moides swartzi, at base occur Hindella congregata,
Leperditia alta, Welleria obliqua, Dizygopleura halli.

Thin-bedded, platy limestone, weathering into beds 1%
to 1 inch thick., Three courses heavier-bedded.
Three feet 3 inches above base of this unit is a spike
in the wall opposite section post 20-30

Blue limestone. Lower beds % to 1 inch thick, upper 7
feet massive, forming a pinnacle. Ten feet above
base occur Camarotechia tonolowayensis, Modiolop-
sis leightoni ?, Leperditia alta. At 6 feet Camaro-
teechia tonolowayensis. Leperditia alta occurs near
top and 7 to 9 feet above base

Rotten limestone

Thin-bedded, blue, argillaceous limestone The upper
16 inches are heavier-bedded

Shaly limestone approaching calcareous shale. Con-
tains Leperditia alla

Thickness
ey
Beds Total

—
Feet Inches Feet

5
0

16

Impure argillaceous limestone, weathering yellow. .

This unit contains numerous solution cavities and
a sandstone lens 18 inches below the top

Platy blue limestone ............. .. v

Calcareous shale containing Leperditia alia. .. ..

Gray limestone, beds somewhat undulating

Calcareous shale and shaly limestone weathering yel-
low. This unit is depressed below general level
Leperditia alta occurs 18 to 22 feet above base

Platy blue limestone in beds % to 2 inches thick con-
taining Leperditia alta

Dark-gray limestone. Top and bottom of unit compact,
middle thin-bedded and shaly. Four feet 9 inches
above base occur Dizygoplcura simulans, D. halli,
Leperditia alta. One foot above base is Leperditia
alta . "

Calcareous shale with some bands of limestone near
base ...........

Inches
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Thickness
Beds Total
Feet Inches Feet Inche?

Compact, dark-gray oolitic limestone................. 1 0 61 4
Calcareous shale .............. B o TR R o 6 0 0 o 0 oo 0 6 60 1
Platy limestone, becoming quite shaly near top....... 10 S 59 10
Single bed of magnesian limestone, weathers light-

colored .......... Ko 0 0 b PTED I 0 6 X o dob 5o b 0 11 49 2
Platy blue limestone .......... R ITITING .o 000 00 0000D 4 2 48 3
Compact gray limestone in bed 2 to 4 inches thick.... 3 4 44 1
Limestone, shaly below, thicker-bedded above. Upper

part weathers yellowish ..............cccoiiin.. 1 10 40 9
Massive gray limestone ....... RESHEEEE oo o oo ol o o SJOR 2 9 38 11
Platy limestone, weathers slightly yellow............. 1 ) 36 2
Dark, shaly limestone, breaking into thin plates on

weathering ............. . | gyl LA 3 6 34 5
Hard, laminated, blue limestone, The lower 2 feet are

weathered to form a depression. The upper 18

inches are more compact and resistant, forming the

middle of a high pinnacle on the west face of which

are lumps suggesting Stromatopora and carrying Le-

perditia scalaris precedens, Aparchites punctillosa,

Wellcria obliqua, Dizygopleura subovalia, D. halli

obscura, D. simulans, D. simulans limbata.......... 10. " =11 30 11
Hard, compact, platy limestone...................... 3 4 20 0
Argillaceous limestone weathering into thin beds.... 0 9 16 8
Compact, gray limestone. Beds 2 to 10 inches thick. .. 2 3 15 1
Calcareous shale ............ciiuivineneenenenennennns 4 2 13 8
Very massive, dark-blue, lenticular limestone very re-

sistant. Faulted at this point. Thickness varies

from 5 feet 5 inches below to 9 feet 6 inches above. .. 9 6 9 6

Total thickness of the Tonoloway formation.... 610 10
WILLS CREEK FORMATION

Fissile gray, calcareous shale and shaly limestone.

The lower 8 inches are more compact.............. 7 6 459 4
Calcareous shale and fissile limestone, forming a de- .

pression. Lower part rotten. Imprints of cubical

crystals, probably salt crystals, 18 inches above base. 2 7 451 10
Compact, hard gray limestone containing Leperditia

P U A 1 1 11 449 3
Laminated limestone with a little shale. Much of the

shale weathers to thin, fissile plates............ 5 9 0 447 4
Laminated argillaceous limestone, intersected by num-

erous calcite seams at right ‘angles to the bedding.

This unit forms a depression on weathering........ 2 S 4328 4
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Compact, gray limestone.......................0n..
Dark, calcareous shale............ooviiiiiiiiiiinen
Laminated limestone and calcareous shale............
Dark, calcareous shale. Occupies a depression.......
Thin-bedded, laminated limestone with some argilla-
ceous shale. East side of the section house is 13
feet 3 inches above base of this unit. Impressions
of cubical crystals probably of salt occur 17 feet

5 inches above base of thisunit....................
Impure limestone full of solution cavities............
Argillaceous limestone beds, 1 to 3 inches thick......
Dark shale .......c.cciieieinssnccseseneconss 0000000 ]
Thin-bedded limestone with a little shale.............
Arenaceous shale ...........cciiieiieeinronnrcansen
Argillaceous shaly limestone, somewhat arenaceous in

places and interbedded shale................... .
Fissile black shale .............o0iiiiiiiiiiinnn.,

Thin-bedded, argillaceous and calcareous shale, This
unit is much folded..........c.cvviviiiiinnnnen
Siliceous limestone with some interbedded limestone.
Beds 2 to 4 inclies thick............. ... ... . vt
Dark, fissile shale..........covit ittt
Sandstone .........c00iiiiii ittt eennn
Calcareous mud rocK........coviiiieninenneeenenenns
Magnesian limestone, breaks irregularly............ .
Mud rock, lower part shaly.................ooivun.
Massive, thick-bedded calcareous shale, approaching a
limestone. Leperditia alta occurs about 2 feet bel<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>